JUN 28 1948 


MEDICAL LIBRA®Y 


JUNE, 1948 


The Journal 


of 


Laboratory and Clinical 
Medicine 


The Official Publication of the Central Society for Clinical Research 


Clinical and Experimental 


Production of Temporary Diabetes Mellitus in Man With Pituitary Adrenocortico- 
tropic Hormone; Relation to Uric Acid Metabolism. Jerome W. Conn, M.D., 
Lawrence H. Louis, Sc.D., and Clayton E. Wheeler, M.D., Ann Arbor, Mich. 651 


A Comparative Study of the Serum Albumin-Globulin Ratio, the Cephalin-Choles- 
terol Flocculation, and the Thymol Turbidity Tests for Liver Function. Andre 
C. Kibrick, Ph.D., and Alfred B. Clements, M.D., Bronx, N. Y. -._--.-------- 


A Dilution Turbidity Test in the Serum in Comparison With the Thymol Turbidity 
and Cephalin-Cholesteroi Flocculation Tests. Fritz Dreyfuss, M.D., New 
VRE Oe Bes a 5 oe a cia ci ee era Gea 


Experimental Studies on the Intravenous Injection of a Fat Emulsion Into Dogs. 
H. C. Meng, M.D., Ph.D., and Smith Freeman, M.D., Ph.D., Chicago, Ill. ___- 


Hemophilia: Current Theories and Successful Medical Management in Traumatic 
and Surgical Crises. Claude-Starr Wright, M.D., Charles A. Doan, M.D., 
Verne A. Dodd, M.D., and James D. Thomas, M.D., Columbus, Ohio 


Experimental Study of the Comparative Action of Heparin and Dicumarol on the 
in Vivo Clot. Leo Loewe, M.D., Edward Hirsch, M.D., David M. Grayzel, 
M.D., and Florence Kashdan, A.B., Brooklyn, N. Y. --_-.------------------- 


The Effect of Diethylstilbestrol on Blood Lipids and the Development of Athero- 
sclerosis in Chickens on a Normal and Low Fat Diet. L. Horlick, M.D., and 
L, 3h eee, BER ea TN, ie eis ak. hee ein ode nnn ndekon tote 


Effects of Tetraethylammonium Chloride on Blood Flow in the Extremities cf Man. 
Owen L. Slaughter, M.D., Hugh S. Brown, M.D., and Khalil G. Wakim, M.D., 
R OCKGSU: “BL canl na dicindencuondaetucns MtatEebelegaes Joos leikedsk oes 


False ositive Tests for Syphilis: A Further Study of Their Incidence in Sporozoite- 
1 duced Vivax Malaria. John F. Kent, Washington, D. C., William B. Culwell, 
© Robert Coatney, and W. Clark Cooper, Bethesda, Md. -_..--.-_-_________- 


Transi nt Positive Wassermann Test for Syphilis in Acute Hemolytic Anemia. 
\. chael A. Rubinstein, M.D., New York, N. Y. _..--_--------------------_- 


(Contents continued on inside front cover) 


BLISHED BY THE C. V. Mossy COMPANY, 3207 WASHINGTON BLVD., St. Louis 3 
Copyright 1948 by The C. V. Mosby Company 





The Purification of Diphtheria and Tetanus Antitoxin by the Use of Pepsin. Albert 


Glaubiger, M.S., New York, N. Y. 


Antireticular Cytotoxic Serum in the Treatment of Arthritis. Walter M. Solomon, 
M.D., and Robert M. Stecher, M.D., Cleveland, Ohio 


The Thiocyanate Content of Saliva in Normal and Hypertensive Subjects Before 
and After Ingestion of the Drug. E. J. Fischmann, M.D., and Andor Fisch- 


man, Auckland, New Zealand 


Laboratory Methods 
A Modified Method of Preparing the J.S.B. Stain. Reginald D. Manwell, Sc.D., and 


Philip Feigelson, B.S., Syracuse, N. Y. 


Crystalline Hemin Solutions as Permanent Standards for Hemoglobin Estimation. 
Sane OIF re I i os aces Se wine adinbaeaiccnaiinnia 783 


A Tidal Volume Recorder for Anesthetized Dogs. Harold M. Peck, M.D., and 
es an Se ee, ON BRS od bd aah ceekiwmassdaadicmnees 784 





CARL V. MOORE, M.D. 


Washington University School of Medicine 
600 South Kingshighway 
St. Louis 10, Mo. 


Board of Editors 


EDGAR V. ALLEN, M.D. 
Mayo Clinic, Rochester, Minn. 


M. A. BLANKENHORN, M.D. 
University of Cincinnati, Cincinnati 


GEORGE E. BURCH, Jr., M.D. 
Tulane University, New Orleans 


PAUL R. CANNON, M.D. 
University of Chicago, Chicago 


JEROME E. CONN, M.D. 
University of Michigan, Ann Arbor 


CHARLES A. DOAN, M.D. 
Ohio State University, Columbus 


EDGAR 8. GORDON, M.D. 
University of Wisconsin, Madison 


DOUGLAS A. MacFADYEN, M.D. 
Presbyterian Hospital, Chicago 


IRVINE H. PAGE, M.D. 
Cleveland Clinic, Cleveland 


ARMAND J. QUICK, M.D. 
Marquette University, Milwaukee 


WESLEY W. SPINK, M.D. 
University of Minnesota, Minneapolis 


CECIL J. WATSON, Ph.D., M.D. 
University of Minnesota, Minneapolis 


ARNOLD D. WELCH, Ph.D., M.D. 
Western Reserve University, Cleveland 


W. BARRY WOOD, Jr., M.D. 
Washington University, St. Louis 


ee 





Vol. 33, No. 6, June, 1948. The Journal of Laboratory and Clinical Medicine is published n ynthly 
by The C. V. Mosby Company, 3207 Washington Blvd., St. Louis (3), Mo. Subscription Price: 
United States, its Possessions, Pan-American Countries, $8.50 per year; Canada, $9.50; Foreig® 


$9.50. Subscriptions to medical students, interns and residents, half price. Entered as 


econd- 


Class Matter October 8, 1915, at the Post Office at St. Louis, Missouri, under Act of Mirch 3, 


1879. Printed in the U. S. A. 





PRODUCTION OF TEMPORARY DIABETES MELLITUS IN MAN WITH 
PITUITARY ADRENOCORTICOTROPIC HORMONE: RELATION 
TO URIC ACID METABOLISM 
JEROME W. Conn, M.D., LAWRENCE I]. Louis, Sc.D., ANb 


CLAYTON EK. WHEELER, M.D. 
ANN ARBOR, MICH. 


HK production in normal animals of either temporary or permanent dia 


betes by the injeetion of crude saline extracts of anterior pituitary eland 
has been amply demonstrated’ and repeatedly confirmed.! The factor or fae- 
tors responsible for the diabetogenic activity of these extracts remain unknown. 
Using biologically pure growth hormone, Marx, Anderson, Fong, and Evans 
reported an increase in glycosuria of partially depancreatized rats. Ingle Li, 
and Evans used 7 mg. per day of pure adrenocorticotropic hormone (A CT HH 
in normal rats foree-fed a high carbohydrate diet and they observed increased 
urinary nitrogen, glycosuria, and hyperglycemia during the period of adminis- 
tration. Bennett and Li? produced marked increase in glycosuria and severe 
nitrogen loss in alloxan diabetic rats with the use of pure adrenocorticotrople 
hormone. When they used pure growth hormone in such preparations, they ob- 
served only an occasional increase in elycosuria. It is significant that this oe- 
curred even in the presence of the nitrogen retention which characterizes the 
activity of growth hormone. Thus, so far as pure pituitary fractions are con- 
cerned, adrenocorticotropic hormone has been found to have the greatest dia- 
hetogenic effect of any tested to date. Since it is known, too, that administra 
tion of suitable amounts of C11 or C11-17 oxysteroids to rats is diabetogenic,® 
the assumption is valid that the diabetogenic activity of adrenocorticotrople 
hormone is due to cortical elaboration of large amounts of C11 and C11-17 oxy- 
steroids among other possibilities. 

In man neither a diabetogenie nor an anti-insulin effect of administered 


' with doses as high as 100 me. per 


rticosterolds has been demonstrated! 
ay of 11-dehyvdrocorticosterone. This mMaVv be the result of too small a dose, if 
e estimation of Ingle and co-workers® of the secretory potentiality of the ad- 
nal gland is valid. 

The administration of purified adrenocorticotropic hormone to man has 
en limited by the difficulties attending its preparation. It was used first. in 
0 normal men by Browne.'® No spontaneous glycosuria was observed in 
her subject. One who had received 40 me. per day for two days showed a 
‘rease in carbohydrate tolerance on the morning of the third day and glyco 
da was noted durine the elucose tolerance test (100 Gm. orally). Thirty 
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minutes before the test the subject had received 40 me. of adrenocorticotrop le 
hormone subcutaneously. In two recent reports of experiments in which larger 


‘employ- 


doses were given, no glycosuria was observed. Mason and co-workers,’ 
ing doses as high as 100 me. per day (eight injection days over a twelve-day 
period) of adrenocorticotropie hormone (prepared according to the method of 
Li, Evans, and Simpson'*), found no impairment of carbohydrate tolerance but 
observed a mild inerease in resistance to insulin. Forsham and co-workers' 
using 40 meg. per day of adrenocorticotropic hormone, prepared by a modifies 
tion of the method of Sayers and associates,’’ for six days, noted a small rise 
of the fasting blood sugar level in their normal subject. No e@lvcosuria o¢ 
curred. Glucose tolerance tests were not reported. 

The present report deals with the production of a diabetic state in all ot 
three normal subjects who received daily injections ot purified adrenocortico 
tropic hormone.* This state was characterized by glycosuria and a significant 
loss of carbohydrate tolerance during the entire period of adrenocorticotropic 
hormone administration. In two of these subjects, one man and one woman, the 


loss oft tolerance for carbohydrate Was Yvreat. These subjects exhibited severe 


negative nitrogen balance during the period of adrenocorticotropic hormone 1 
jection. The third subject, a woman, developed a milder glycosuria, lost much less 
tolerance for carbohydrate, and demonstrated no negativity in the nitrogen bal 


ance study. In fact, glycosuria developed during a period of nitrogen retention 


METHOD OF STUDY 


sal students (Sub 


Procedure.—Two apparently normal, 24-year-old, female senior medic 
jects A. M. and M. W.) were fed a constant, carefully weighed diet for thirty-two consecutiv: 
days. The diet contained 99 Gm. of protein, 00 Gm. of carbohydrate, and 176 Gm. of fat 
\nalysis showed nitrogen, 15.75 Gm., sodium, 4.40 Gm., and potassium, +.8 grams. 

The first twelve days established a reliable base line. During the next eight days eucl 
subject received 120 mg. of adrenocorticotropic hormore (Batch 87-K E, Table I) intra 
muscularly daily. The total amount was given in three doses (40 mg. every eight hours 
The remaining twelve days were used to study recovery from the abnormal metabolism induced 

The third normal subject, a o7-year-old dental student Subject R. S.), was fed 
constant diet for thirty-three days. It contained 99 Gm. of protein, 300 Gm. of carbohydrate 
and 197 Gm. of fat. Analysis showed nitrogen, 15.75 Gm., sodium, 4.63 Gm., and potassiun 
1.86 grams. After a ten-day base line period the subject was given 50 me. of adrenoco! 
ticotropic hormone every eight hours (150 mg. per day) intramuscularly daily for the next 
ten days. This material was from Bateh 37-K G (Table 1). During the last thirteen day 
the recovery phase was studied. 

Pituitary Adrenocorticotropic Hormone.—The materials used in this study were p 
paredt by a modification of the method of Savers and co-workers.!7 The laboratory has suj 
plied us with the properties of these materials. (Table T. In all cases the adrenocorti 
tropic hormone was given in a concentration of 10 mg. per 1 ¢.c. of saline. 

Chemical Methods.—Determinations pertormed, which are connected with this repo 
were blood sugar,18 blood urie acid.19 blood glutathione, urinary urie acid,?? and urina 
glucose.22. All nitrogen determinations were done by the macro-kjeldahl method.  Gluc 
tolerance tests performed during the period of adrenocorticotropic hormone administrati 
were begun at 8 A.M., nine hours after the last injection of adrenocorticotropic hormone, 

*We are indebted to Dr. J. R. Mote, The Armour Laboratories, Chicago, Ill, for t 
purified adrenocorticotropic hormone used in these studie 

rIn the Armour Laboratories, Chicago, Il. 
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rder to avoid any immediate or extraneous glycogenolytie effect which could be assigned 
to the adrenocorticotropie material used. On such days the dose of adrenocorticotropic hor 
mone usually given at 7 A.M. was given at the conclusion of the test (noon). The glucose 
vas administered orally on the-basis of 1.75 Gm. per kilogram of base line body weight, and 
the same total amount was given for all subsequent tests (Subject M. W., 108 Gm.; Subject 


\. M., 104 Gm.; Subject R. S., 122 Gm.). 


TABLE I. PROPERTIES OF THE ADRENOCORTICOTROPIC HORMONE PREPARATIONS EMPLOYED 


OXYTOCK 
x Ct oF PRESSOR ACTIVITY PROLACTIN 
ACTIVITY ACTIVITY GUINEA PIG ACTIVITY GON ADOTROPI 
( PER CEN ROOSTER UTERIN}I PIGEON ACTIVITY 
OF ARMOUR ae ge STRIP CORP. SAC COLLIP 
SATCH STANDARD" UNITS/MG. ) | (UNITS/MG. UNITS/ MG. UNITS/MG. SOLUBILITY 
iT-K EB io = 12 0.005 O.00R25 05 2.0 Soluble in 
saline 
7-K G S48 oF. 9S 0.066 0.017 0.5 2.0 Soluble in 
saline 
*The biologic activity of Armour A C T H Standard (LA-1-A) is such that a single in 


travenous injection of 0.004 mg. produces consistently a 20 to 30 per cent decrease in adrenal 
corbie acid content of the hypophysectionized rat. 


RESULTS AND COMMENTS 


No immediate sviptomatic effeets of injections of adrenocorticotropie hor 
lone were experienced by any of the subjects. This is different from the ex 
perience of Forsham and co-workers!’ who used different batches of Armour’s 
purified adrenocorticotropic hormone and observed symptoms suggesting pOs- 
terior pituitary pressor and oxytocie activities. Subject M. W. developed red 
ess and itching at the site of injections during the last three days of adminis 
tration (Days 6, 7, and 8). More annoying to her at this time was the itching 
and discomfort which occurred at sites of prior injections. Subjeet R. S. de- 
eloped severe acne of the face, scalp, shoulders, back, chest, and abdomen on 
the eighth day of injection. He had never had aene. This began to regress 
slowly upon cessation of injections (eleventh day) but persisted with continued 
egression for four weeks. Both female subjects experienced gross irregular 

of the menstrual cvele which followed the adrenocorticotropie hormone injec 
tion period. The next cyele returned to normal. It should be mentioned that 
all three subjects there occurred a four-to fivefold increase over the base line 
the daily total excretion of 17-ketosteroids.** This is a much greater increase 
an has been observed previously,'*!’ but the amounts of adrenocorticotropic 
rmone employed in our experiments were greater than these previously used. 
ereat retention of sodium and a diuresis of potassium were also observed in 
subjects.*° 
Table II and Fig. 1 demonstrate the data bearing on carbohydrate metabo- 
n which were obtained on Subject R. S. This subject showed the most strik- 
disturbance of sugar metabolism of all three subjects given adrenocortico- 
pie hormone. During the ten-day adrenocorticotropie hormone period a total 
252 Gm. of glucose was excreted in the urine, 12 Gm. appearing on the first 
and 36 and 33 Gmm., respectively, on each of the last two days. During the 


sie period, urinary nitrogen averaged 19.3 Gm. per day as compared with an 
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average of 13.5 Gm. per day observed in the base line period. A total of 53.5 
(im. of extra nitrogen was excreted in the urine in the adrenocorticotropic hor 
mone period. This represents loss of 360 Gm. of body protein in ten days, or 
36 Gm. per day, despite a daily intake of 99 Gm. of protein. Negative nitrogen 
balance continued for ten days after cessation of adrenocorticotropic hormone 
and amounted to an additional loss of 119 Gi. of body protein. 

If, for the adrenocorticoiropic hormone period, one assumes that all of the 
excreted olucose had arisen by excessive elyconeowenesis from protein one ar 
rives at a D:N ratio of 4.83 and a glucose from protein conversion rate of TO per 


cent. That sueh an assumption is not justified under the conditions of this 


EFFECT OF ACTH ON CARBOHYDRATE TOLERANCE 
(RS 6 32 NORMAL SUBJECT) 





BLOOD SUGAR DURING ACTH PERIOD 
MGM /100 CC (1) AFTER | DAY- 150 MGM. ACTH 
sie 2) AFTER 8 DAYS-I200 MGM. ACTH 
AFTER CESSATION OF ACTH 

3) 5 DAYS 

(4) i2 DAYS 

si | om 5) 36 DAYS 
200 
150 
100 
50 
0 


HOURS AFTER GLUCOSE (1.75 GM/KILO ORALLY 


study is obvious. There is no reason to believe that the subject could not hav 
disposed of an additional 100 or more grams of glucose (over and above the 30 
Gm. contained in his diet) normally and without glycosuria had he not bee: 
receiving adrenocorticotropic hormone. To assume, then, that @lucose derive 
from body protein so taxes the normal mechanisms by which glucose is utilized 
that those mechanisms break down is unreasonable, and especially so when on 
realizes that an average of 36 Gm. of sugar per day is the maximal amount th: 
could have been derived from protein, in Subject R.S., had 100 per cent co 
version been possible. Thus it becomes clear that regardless of the source « 
the glucose (dietary carbohydrate and protein, and endogenous protein), the) 


has occurred a very important over-all decrease in the capacity of the subje: 
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PABLE TI. EFrFECTr OF INTRAMUSCULAR ADMINISTRATION OF ADRENOCORTICOTROPL 
Upon CARBOHYDRATE, NITROGEN, AND Uric ACID METABOLISM (NORMAL MALI 
SuBJEcT R. S., 37 Yr. 
FASTING BLOOD 
URINARY BLOOD | URINARY URINARY sLOOD GLUTA 
GLUCOSI SUGAR NITROGEN URIC ACID URI PHIONE 
\ Tou (GM, (MG. GM. MG./DAY MG. MG. 
DAY (MG. DAY DAY LOU C.G.) DAY \ I 100 Cu LOG Ces 
] ) 
° () ) 14.0 fO4 9 
2 0) 0 14.1 DOO iSO) 
| () 0) 13.6 516 O79 
) () ) Sd bast 12 O67 
6 0) () 12.7 te 6 Oil 
7 () 7) E32 24 520) 
S 0 0 S4 13.4 Doe oat Al 1. 
4y () ) 13.4 ria) yah) baxs S06 
10 () () 13.5 24 ed 
1] 150 2 S 16.1 824 Sas 7.0 
12 150 29 122 16.9 SOS LO. role ). 
1 150 26 Bf ee 760 O48 
14 150 PA LZ 19.0 SOO SOG Zo 2 
i) 150 29 19.4 828 L005 
16 150 oy 15S 9(), 1 73 QP? 
le 150 24 AV BS 7S0 1034 
IS 150 25 124 21.6 76H0 1094 
19t 150 6 129 rs We SO6 1405 
20 150 bed 128 20.8 YP Lia3 org yh ie 
2] 0) , 17.0 OSS 642 
22 (0) 0) 7.5 SO4 1072 
oo 0 () 15.7 S24 TSS 
va 0 0) [47 THO Old 
25 () 0) G6 14.9 739 OO5 
°6t 0) 0 SO 14 7 O76 O19 
27 () 0 14.8 560 556 
ae 0) 0) 76 14.2 652 570 3 a 
y 0 0 13.9 iO4 523 
0 0 0 13.9 DSS aYS1) 
| 0 0 12.8 623 509 
a 0) 0 11.8 DOS 187 
of 0) 0 83 tt t44 bS:) 
Before first injection. 
fDay of glucose tolerance test (see Fig. 1). 
A, Method of Benedict and Franke?!: 3, method of Buchanan and co-workers.” 
dispose of glucose normally (by oxidation and/or conversion to fat This 


ntention is supported by the facts that not only has nonutilized elucose ap- 
ared in the urine, but, in addition, more unutilized glucose has accumulated in 
» body fluids (see Table I], Fasting Blood Sugar Levels), the liver,!® and vers 
the that of 


acity to utilize glucose) is related not to negative nitrogen balance but to the 


‘ly in muscles as well. Further, this state affairs (decreased 


sence of adrenocorticotropie hormone activity is evident (compare Days 11 
| 12 with Days 21 and 22). Finally, the glucose tolerance curves (Fig. 1) 
ionstrate a greatly decreased capacity to clear the blood of absorbing glucose. 
s deficiency is apparent after one day of adrenocorticotropic hormone ad- 
istration. After eicht davs of adrenocorticotropic hormone there can be 


e question that a diabetic state is present. 
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In the light of present knowledge two main, possibilities exist by which one 
might explain the decreased capacity of the tissues to dispose of glucose. 

1) Interference with the peripheral activity of insulin due to (a) in 
creased hexokinase inhibition by corticosteroids or by adrenocorticotropic hor 
mone, (b) stimulation of pancreatic alpha cell secretion?! by either adrenocorti 
cotropic hormone or adrenal corticosteroids, and/or (ce) destruetion of insulin 
peripherally. 

2) Diminution in the production and/or release of insulin from the beta 


cells of the pancreatic islets. 

No attempt was made to study the first possibility. The second one was 
studied with respect to uric acid metabolism and the blood levels of e@luta 
thione (Table I 

The administration of adrenocorticotropie hormone produces a large in 
crease in the urinary excretion of urie acid accompanied by a decrease of blood 
uric acid. It is believed by some!’ that neither inereased blood clearance. for 
uric acid nor hemodilution can adequately explain these phenomena and _ that 
increased production of uric acid probably accounts for the increased excretion 
It is conceivable that during the increased production of urie acid which occurs 
as the result of administration adrenocorticotropic hormone (and which is in 
duced by the elaboration of excessive amounts of 11 and 11-17 oxygenated cor 
tical steroids), intermediaries, similar in their effects to alloxan, are produced 
and reach a critical intracellular concentration in the beta cells. Such a coneept 
need not imply necrosis of beta cells, as is known to occur after the administra 
tion of large amounts of alloxan, but could suggest depression of intracellulat 
enzymatic production of insulin as the result of prolonged exposure to relatively 
lower concentrations of noxious intermediaries of uric acid metabolism. 

[t is appreciated that such considerations must be regarded as speculative at 
present. But in Table I are recorded data related to the problem. Note tha 
the lowest levels for blood e@lutathione were obtained during the adrenocortic 
tropic hormone period (determinations of glutathione were not done in tlh: 
other two subjects Note, too, that the highest levels of urinary urie aeid wer 
obtained during the same period. It is well known that administration of allox 
an to animals produces a prompt and severe depression of the level of blo 
vlutathione.*® The recent report of Griffiths’® showing the production of hype 
glycemia in rabbits by first lowering blood glutathione by means of a diet de! 
cient in cystine and methionine and then administering uric acid intraper 
toneally suggests a possible relationship of those experiments to the ones herei 
reported. 

The results of the studies of carbohydrate metabolism in the other tw 
adrenocorticotropic hormone treated subjects are shown in Table III and Fig 
2 and 3. Subject A. M., while ingesting 99 Gm. of protein daily, destroyed, 
addition, 113 Gm. of body protein during the eight-day adrenocorticotropic ho 
mone period, an average of 14 Gm. per day. <A total of 30 Gm. of glucose a 
peared in the urine over the same interval. From the fasting blood sugar leve 
and the daily glycosuria (Table III) it appears that in this subject the mo 
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Ill. Errect or INTRAMUSCULAR ADMINISTRATION OF ADRENOCORTICOTROPIC HORMONE UPON CARBO 


HYDRATE, NITROGEN, AND Uric AciIp METABOLISM (TWO NORMAL FEMALE SUBJECTS ) 


A. M., 24 YR. M. W., 24 YR. 
FASTING FASTING 
URINARY BLOOD BLOOD 

A C T H | GLUCOSE SUGAR URINARY URINARY URINARY SUGAR URINARY URINARY 

(MG. (GM. ( MG. NITROGEN URIC ACID GLUCOSE MG. NITROGEN URIC ACID 

DAY ) DAY 100 C.c.) | (GM./DAY (MG./DAY (GM./DAY 100'C.C. GM./DAY (MG./DAY 
0 0 S.1 440 _ 11.2 490) 
i) 0 10.5 570 (0) | 5 500 
0 () 10.2 190 () 11.4 150 
0) 0 Hepes 520 () 11.4 150 
0 0 S4 11.9 530 0) S4 12.6 360 
0) 0 12.2 600 () EES 520 
() 0 11.9 530 () 10.9 540 
() () 12.7 S40 () 10.9 $20 
0) 0 LZ 770 () 12.0 10) 
0) 0 12.2 910 () 11.9 710 
0 0 74 174-7 S00 () 70 12.9 740 
120 3.0 12.8 1300 3.4 12.9 1240 
120 5.6 102 14.2 1160 3.5 8) 10.4 1020 
120 2.9 gg 13.3 900 2 S6 10.5 S00 
120 3.8 Loe 710 Lo 11.5 590 
120 4.2 16.5 740 1.6 12.4 680 
120 5 He 18.0 O10 1.8 Beg 750 
120 $.0) 18.7 TOO 1.5 13.1 680 
120 2.9 SS 17.4 740 1,4 76 125 590 
) 2.3 16.7 530 1.3 11.8 190 
if) 0 15.9 690 0) 13.3 170 
0) 0 DS 14.4 710 0) GS 13 650 
0 1.2 13.5 940 Le 11.8 93.0 
0 0) 14.4 990 () 11.9 940 
0 0 14.3 700 0) 12.4 600 
0 0 12 Zak 650 () 76 12.2 o90 
0 0) 11.9 DSO {) 11.4 900 
0 0 12.0 610 () 12.5 520 
0 0 11.9 740 () 11.2 990 
0 0 11.9 710 () ES. 560 
0 0) * 114 720 0) 12.0 660 


ay of glucose tolerance test (see Figs. 2 and 2). 


dt — 


a 
d 
aa 


ir 


itense depression of carbohydrate utilization occurred during the first three 
lays of adrenocorticotropic hormone administration. This was a period when 
itrogen balance was being maintained. Unfortunately a glucose tolerance test 
as not done during this period. The period of negative nitrogen balance 
gan on the fourth day of injections of adrenocorticotropie hormone. Thus 


ain we note the absence of a clear temporal correlation between nitrogen loss 


and the disturbance of carbohydrate metabolism. It is clear that in both sub 


ts so far discussed (Subjects R. S. and A. M.) negative nitrogen balance and 
cosuria were provoked by administration of adrenocorticotropic hormone, but 
seems unlikely that either was dependent upon the other. Fig. 2 shows that 
‘r seven days of injections a diabetic curve was obtained in Subject A. M. 

Subject M. W. showed the mildest effect of adrenocorticotropic hormone 
m carbohydrate metabolism of any of the three subjects studied (Table III 

Fig. 3), although she was treated on the same days and by the same proce- 
es as those which apply to Subject A. M. Variations among individuals and 
‘ies differences in the response to adrenocorticotropie hormone may account, 
art, for the discordant results so far reported. 
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EFFECT OF ACTH ON CARBOHYDRATE TOLERANCE 














(AM 9 24, NORMAL SUBJECT) 
BLOOD SUGAR 
MGM BEF DRE ACTt 
iat = 
ies 3 5 OR 7 DAYS-840 MGM 
* i i ACTH FOR [ 5-8 MAGN 
l 
{ 
Ss 
1 
a 
nap. 2 
I, 
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B D SL R 3F FORE 
MGM 9 2] H YR AYS 2 MGM 
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F | 
te 
a 
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Table IIL shows that Subject M. W. exhibited glycosuria during the entire 
eight days of adrenocorticotropic hormone administration. It is noteworthy 
that negative nitrogen balance was not produced in this subject at any tinie. 
In fact, the initial response was that of nitrogen retention. The sharp increase 
in urinary excretion of uric acid, however was almost identical, in absolute 
values, with that obtained for Subject A. M. In all three subjects during the 
adrenocorticotrople hormone periods the elyeosuria shows a much closer corre 
lation with the increased production of uric acid than with the state of nitrogen 
equilibrium. 

Table ILI] demonstrates another interesting finding. In both subjects glyco 
suria continued for one day after cessation of adrenocorticotropic hormone ad 
ministration and then ceased for forty-eight hours. During this period urinary 
urie acid levels fell to the base line values. Fasting blood sugar determined on 
the morning of the third postinjection day was abnormally low for both sub- 
jects. On the following day glycosuria reappeared, accompanied by a great 
increase in the urinary excretion of uric acid. These findings suggest that the 
followine sequence of events occurred: (1) exogenous adrenocorticotropie hor 
one depressed production of endogenous adrenocorticotropic hormone; (2 
cessation of exogenous adrenocorticotropic hormone administration resulted in 2 
short period of hypopituitarism with respect to adrenocorticotropic hormone (in 
these subjects about forty-eight hours) ; (3) this situation was at once reflected 
as hypoadrenocorticism (this interpretation is supported not only by the low 
levels of fasting blood sugar but also by the tremendous changes in electrolyte 
metabolism and in urinary steroid excretion which occurred during this same 
interval®*; and (4) an intense stimulus finally evoked pituitary-adrenal activity 
avain. This rebound in pituitary activity from a dormant state releases a 
ereater amount of corticoids than are needed, and produces spontaneously the 
same metabolie changes, in somewhat smaller degree, that are observed on the 
first day of administration of exogenous adrenocorticotropic hormone (Table 
IIl). It should be noted again that the spontaneous reappearance of glycosuria 

related in time to the increased uric acid excretion rather than to changes 
nitrogen metabolism. 


SUMMARY 


Three normal, young adults were given 120 to 150 me. of purified pituitary 
adrenocorticotrople hormone intramuscularly daily, in divided doses, for eight 
ten consecutive days. On the first day all subjects developed glycosuria 


lich continued throughout the entire period of adrenocorticotropic hormone 


administration. The glycosuria averaged 25.2, 3.8, and 2.5 Gm. per day for 
the respective subjects. Two of the subjects lost large amounts of body pro- 
tein during the period of adrenocorticotropic hormone injection, despite an 
acequate protein intake. Significant negative nitrogen balance continued for 
five to six days following cessation of adrenocorticotropic hormone administra 
tion, but glycosuria ceased within twenty-four hours of the last injection. Both 


hese subjects developed hyperglycemic, plateau glucose tolerance curves dur- 


inv the adrenocorticotropic hormone period. Normal carbohydrate tolerance 
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returned within one to two weeks after adrenocorticotropic hormone was 
stopped. 

The third subject exhibited no loss of body protein, Nevertheless, oly 
cosuria persisted during administration of adrenocorticotropic hormone. — Total 
glycosuria and loss of carbohydrate tolerance were less in this subject than in 
the other two. 

Analysis of the data indicates that although greater loss of carbohydrate 
tolerance occurred in the two subjects who exhibited marked negative nitrogen 
balanee, the glycosuria was not related either in time or in degree to the loss 
of body protein. 

The data indicate, furthermore that the loss of carbohydrate tolerance 
produced by adrenocorticotropic hormone is the result of a depressed capacity 
of the tissues to utilize glucose (by oxidation and/or conversion to fat). 

A close temporal correlation was observed in all three subjects between 
loss of carbohydrate tolerance and increased urinary excretion of urie acid 
during the periods of administration of adrenocorticotropic hormone. Two sub 
jects showed a spontaneous return of glycosuria on the fourth day after adreno 
corticotropic hormone had been stopped. In each case this was associated with 
a sharp increase of urinary urie acid. The temporary return of glycosuria 
and heightened urice acid excretion in the postadrenocorticotropie hormon 
period was due to acute elaboration of endogenous adrenocorticotropic hormone 
following a prolonged period of depressed productivity of endogenous adreno 
corticotropic hormone caused by administration of the exogenous hormone. 

Observations made on one subject suggest the possibility that a heightened 
intracellular production of uric acid and its intermediaries produced by adreno 
corticotropie hormone, together with a fall of the levels of glutathione and 
perhaps other sulfhydryl-bearing substances, may diminish enzymatie pro 
duction or release of pancreatic insulin. Such a mechanism could explai 
the close correlation between uric acid metabolism and carbohydrate metabolism 
which our data indicate. 

We wish to thank Dr. William D. Robinson and Dr. Walter D. Block of the Arthritis 
Research Unit, University Hospital, for the determinations of urinary uric acid by tl 


method of Buchanan, Block, and Christman. 


REFERENCES 

1, Houssay, B. A., Biasotti, A., and Rietti, C. T.: Action diabétogéne de l’extrait ant 
hypophysaire, Compt. Rend. Soe. de Biol. 111: 479, 1932. 

2. Evans, H. M., Meyer K., Simpson, M. E., and Reichert, F. L.: Disturbance of Carboh: 
drate Metabolism in Normal Dogs Injected With Hypophyseal Growth Hormo1 
Proc. Soc. Exper. Biol. Med. 29: 857, 1932. 

3. Young, F. G.: Permanent Experimental Diabetes Produced by Pituitary (Anterior Lol 
Injections, Lancet 2: 372, 1937. 

4. Russell, J. A.: Relation of Anterior Pituitary to Carbohydrate Metabolism, Physiol. R: 
18: 1, 1938. 

5. Marx, W., Anderson, E., Fong, C. T. O., and Evans, H. M.: Effect of Growth Horm 
on Glycosuria of Fed Partially Depancreatized Rats, Proc. Soe. Exper. Biol. & M 
53: 38, 1943. 

6. Ingle, D. J., Li, C. H., and Evans, H. M.: The Effect of Adrenocorticotrophie Horn 
on the Urinary Excretion of Sodium, Chloride, Potassium, Nitrogen and Glucos: 
Normal Rats, Endocrinology 39: 32, 1946. 














TEMPORARY DIABETES MELLITUS IN) MAN 661 


Bennett, L. L., and Li, C. H.: The Effects of the Pituitary Growth and Adenocorticotropie 
Hormones on the Urinary Glucose and Nitrogen of Diabetic Rats, Am. J. Physiol. 
150: 400, 1947. , 

Ingle, D. J., Sheppard, R., Oberle, E. A., and Kuizenga, M. H.: A Comparison of the 
Acute Effects of Corticosterone and 17 Hydroxycorticosterone on Body Weight and 
the Urinary Exeretion of Sodium, Chloride, Potassium, Nitrogen and Glucose in the 
Normal Rat, Endocrinology 39: 52, 1946. 

Long, C. N. H., Katzin, B., and Fry, E. G,.: The Adrenal Cortex and Carbohydrate Metab 
olism, Endocrinology 26: 3809, 1940. 

Ingle, D. J.: The Physiological Action of Adrenal Hormones, in The Chemistry and 
Physiology of Hormones, Washington, D. C., 1944, American Association for the 
Advancement of Seience. pp. 85-105. 

Forsham, P. H., Thorn, G. W., and Bergner, G. E.: Metabolic Changes Induced by Syn 
thetic Desoxycorticosterone Acetate, Natural 17 - Hydroxyeorticosterone and Lipo 
Adrenal Cortex, Am, J. Med. 1: 105, 1946. 

Perera, G. A., Blood, D. W., and Reinhold, K. H.: 11-Dehydrocortico-sterone. Its Effects 
on Hypo-adrenalism in Man, Am. J. Med. 1: 185, 1946. 

Browne, J. S. L.: Effect of Corticotropin on Nitrogen and Carbohydrate Metabolism, 
Conference on Metabolic Aspects of Convalescence Including Bone and Wound 
Healing, Josiah Macy, Jr. Foundation Report, New York, June 11-12, 1945. 

Mason, H. L., Power, M. H., Rynearson, E. H., Ciaramelli, L. C., Li, C. H., and Evans, 
H. M.: Results of Administration of Anterior Pituitary Adrenocorticotropic Hormone 
to a Normal Human Subject, J. Clin. Endocrinol. 8: 1, 1948. 

Forsham, P. H., Thorn, G. W., Prunty, F. T. G., and Hills, A. G.: Clinical Studies With 
Pituitary Adrenocorticotropin, J. Clin. Endocrinol, 8: 15, 1948. 

Li, C. H., Evans, H. M., and Simpson, M. E.: Adrenocorticotropic Hormone, J. Biol. 
Chem. 149: 413, 1945. 

Sayers, G., White, A., and Long, C. N. H.: Preparation and Properties of Pituitary 
Adrenotropic Hormone, J. Biol. Chem, 149: 425, 1943. 

Nelson, N.: A Photometric Adaptation of the Somogyi Method for the Determination of 
Glucose, J. Biol. Chem. 153: 375, 1944. 

Brown, H.: Urie Acid Determination in Human Blood, J. Biol. Chem. 158: 601, 1945. 

Benedict, S. R., and Gottschall, G.: The Analysis of Whole Blood. IV. The Determination 
of Glutathione, J. Biol. Chem. 99: 729, 1933. 

senedict, S. R., and Franke, E.: A Method for the Direet Determination of Urie Acid 
in Urine, J. Biol. Chem. 52: 387, 1922. 

Benedict, S. R.: The Detection and Estimation o 
1193, 1911. 

Conn, J. W., Louis, L. H., Johnston, M. W., and Johnson, B.: The Electrolyte Content 
of Thermal Sweat as an Index of Adrenal Cortieal Funetion, J, Clin. Investigation 
(Proce. Soe. Clin. Invest.). 

Heard, R. D. H., Lozinski, E., Stewart, L., and Stewart, R. D.: An Alpha Cell Hormone 
of the Islets of Langerhans, J. Biol. Chem. 172: S857, 1948. 

Bailey, C. C., Bailey, O. T., and Leech, R.: Alloxan Diabetes, Am. Diabetes Ass’n. Pro 
ceedings 6: 3873, 1946. 

Griffiths, M.: Urie Acid Diabetes, J. Biol. Chem. 172: 853, 1948. 

Buchanan, O. H., Block, W. D., and Christman, A. A.: The Metabolism of the Methy 
lated Purines. I. The Enzymatie Determination of Urinary Urie Acid, J. Biol. Chem. 
157: 189, 1945. 





Glucose in Urine, J. A. M. <A. 57: 








A COMPARATIVE STUDY OF THE SERUM ALBUMIN-GLOBULIN 
RATIO, THE CEPHALIN-CHOLESTEROL FLOCCULATION, 
AND THE THYMOL TURBIDITY TESTS FOR 
LIVER FUNCTION 


AnprE C. Kiprick, Pu.D., aNp ALFRED B, CLEMENTS, M.D. 
sRONX, N. Y. 


HE derangement in the formation of serum proteins which takes place in 

certain diseases of the liver may now be described quantitatively by deter 
mining the relative amounts of the protein fractions that are separated elec 
trophoretically in the Tiselius apparatus.’ An analysis of normal human serum 
having a total protein content of about 7.5 Gm. per 100 ml. shows 60 to 65 per 
cent in the albumin fraction and about 10 per cent in each of the a, 8. and ; 
elobulin fractions. In the serum of patients with liver disease the total protein 
content may be normal, but the proportions of the different fractions are usuall) 
changed. There is often a decrease in the albumin fraction and an increase in 
either or both of the 8 and y globulin fractions. Heretofore the albumin 
globulin ratio of serum has been determined chemically by fractionation with 
high concentrations of salt to precipitate the globulins according to various 
methods,? and quite consistent results are possible when the procedures are 
carefully standardized. However, salt fractionation methods have fallen into 
some disrepute due to the difficulty of obtaining good duplicate values when 
all the factors involved are not properly controlled. Furthermore, recent 
studies have demonstrated that the values of the albumin-globulin ratio obtained 
by earefully fractionating the proteins of serum with salt do not reflect the actual! 
partition of the electrophoretic patterns.’ In 1945, Pillemer and Hutchinson 
reported a simple chemical method for the fractionation of the albumin anid 
elobulin of human serum by methyl! alcohol in the eold which agrees quite well 
with the results of electrophoresis.* This method should prove useful in Matis 
laboratories since the Tiselius apparatus is elaborate and expensive and sinc: 
the electrophoretic method at present does not seem to be adapted to general 
routine use. 

Many tests for liver function have been devised which are based on thi 
derangement in the formation of the serum proteins. Until recently these were 
only vaguely understood, and their value was determined empirically from the 
agreement of the results with clinical findings. At present, two of these tests 
are widely used. The cephalin-cholesterol flocculation test of Hanger? measures 
the degree of precipitation twenty-four and forty-eight hours following th 
mixture of serum with an antigen emulsion prepared from sheep brain cephali 
and cholesterol. The thymol turbidity test.“ which was modified for quantit: 
tive photoelectric estimation by Shank and Hoagland,’ measures the turbidit 
produced by adding serum to a buffered thymol solution. Many workers ha\ 
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compared the results of the two tests in liver disease,* and it appears likely that 
they are not a measure of the same abnormality since in many instances the re- 
sults do not agree. The mechanism of the cephalin-cholesterol flocculation test 
has now been clarified by Moore and co-workers with the aid of electrophoretic 
studies.” Two factors seem to be involved in a positive reaction. One is in the 
y globulin fraction and the other is a reduction of the inhibition by albumin. 
The y globulin fraction also appears to be involved in the colloidal gold reac- 
tions.’ A positive reaction in the thymol turbidity test, on the other hand, 
seems to depend chiefly on the B globulin fraction and the lipids." 

Although the values for the partition of the proteins by electrophoresis have 
been compared with the results of liver function tests based on an alteration 
of serum protein, there is a paucity of data to compare the values of albumin 
and globulin determined by precipitation with methyl alcohol. In view of 
the simplicity of the latter method it seemed desirable to conduct a simultaneous 
study on a series of normal and pathologic sera to compare the results of the 
fractionation of the proteins by salt and by methyl aleohol with the cephalin- 


cholesterol flocculation and the thymol turbidity tests. 


EXPERIMENTAL 


Unhemolysed serum was obtained from postabsorptive venous blood of 
hospital patients on the medical and surgical wards and from apparently 
healthy laboratory workers and nurses. The patients were divided into three 
groups. Group 1 consisted of ten patients with known liver disease. Group 2 
represented eighteen cases in which changes in the serum proteins were probably 
due to nonhepatie causes such as nephrosis with albuminuria and hemorrhage. 
Group 3 consisted of seventeen patients with miscellaneous medical conditions 
in which no change in the serum proteins might be expected. 

In most of the patients of Groups 1 and 2 at least two specimens of blood 
were analysed, depending on the duration of hospitalization and on the elinieal 
condition. One patient with acute hepatitis was followed throughout a period 
of two months in which there were abnormal findings. Although many routine 
laboratory determinations were made, the present study is concerned primarily 
with the two chemical methods of determining the serum albumin and globulin 
and with the cephalin-cholesterol flocculation and the thymol turbidity tests for 
liver function. Where it is pertinent, the results of other determinations are 
included. 

METHOD 


The biuret reaction was used to determine the total serum proteins and the albumin 
in the filtrate after precipitating the globulins with either sodium sulfate or methyl alcohol. 
The same reagent, corresponding to reagent TP of Kingsley,2> was used in each ease, and 
Was prepared by adding 1,200 ml. of 1 per cent crystalline copper sulfate to 6,000 ml. of 
14 per cent sodium hydroxide. The reagent was standardized frequently for total protein 
an for albumin with serum and with alcoholic or sodium sulfate filtrates of known protein 
nitrogen content, determined by macro-Kjeldahl for total nitrogen and by nesslerization 
for nonprotein nitrogen. 
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Total Protein.—Total protein was determined in duplicate by adding 0.15 ml. of serum 
to 10 ml. of biuret reagent in colorimeter tubes. After fifteen minutes the solutions were 
read in an Evelyn photoelectric colorimeter at 540 my, with a blank tube containing 10 ml 
of the reagent and 0.15 ml. of 0.9 per cent sodium chloride s:t for 100 per cent transmission 
Some samples of serum were slightly turbid, but the solutions obtained on addition to thi 
biuret reagent were clear except in one or two instances. About 2 ml. of ether were added 
to every sample of turbid serum after mixing with the reagent and the solutions were the 
read in the colorimeter under the laver of ether. In every case the results were the same a: 
those obtained in duplicate samples of the same serum without the use of ether. The pro 
tein content was calculated from a standard curve, which remained unchanged on repeate 
standardizations for several months. This curve was prepared from determinations of poole 
serum of known protein nitrogen content which was diluted serially one to ten times wit 
0.9 per cent sodium chloride. The values of optical density, 2 log of the transmission 
were then plotted against concentration in per cent total protein, All the points fell on n 
straight line, but there was a slight deviation in the lower part of the curve, corresponding ( 
to a dilution of eight to ten times. is 

Albumin by Salt Precipitation.—The method of Kingsley2> was used in somewhat mod { 
fied form. The globulin was precipitated by adding 0.5 ml. of serum to 9.5 ml. of 22.4 pe 
cent sodium sulfate contained in 15 ml. centrifuge tubes. About 2 ml. of ether were adde 
and the tubes were stoppered and shaken vigorously several times. Within five minutes afte 
mixing, the tubes were covered with rubber caps and centrifuged. A pipette was then in 
serted under the ether layer and the interphase precipitate, and 3 ml. of the clear aqueous 
solutions were transferred to Evelyn tubes containing 10 ml. of biuret reagent. A blank tul 
was prepared with 3 mil. of a mixture of 9.5 ml. of sodium sulfate solution and 0.5 mil. ot 
water added to 10 ml. of the biuret reagent. The results were estimated from the reading 


of the colorimeter at 540 mye on a standard curve prepared in the same way as for total pre 





tein, except that varying dilutions of a globulin filtrate of known protein content were us 

instead of whole serum. All the determinations were made in duplicate by preecipitatin 

separate samples of the same sera. Usually the results of the duplicate determinations 
agreed well within 0.1 Gm. per 100 ml. of serum, and the results were discarded if the agree 
ment was less than 0.2. 

Albumin by Precipitation With Methyl Alcohol.—The method of precipitation was th: 
of Pillemer and Hutchinson. The serum and reagents were placed in a bath of ice water 
where they were mixed, and the precipitated globulin was filtered in the refrigerator. A 
bumin was determined by adding 1 ml. of the cold filtrate to 10 ml. of the biuret reage1 
and reading the resultant color in the Evelyn colorimeter at 540 millimicrons. The results wer 
ealeulated from a standard curve prepared from the values of ten diluted samples of an ale 
holie globulin filtrate of known protein nitrogen, determined by macro-Kjeldahl which was 
corrected for nonprotein nitrogen. The accuracy of the method was checked with a series 
thirty determinations precipitated in duplicate which, for the most part, agreed within 0 
Gm. of albumin per 100 ml. of serum. All the other determinations were made on duplicat a} 
samples of the globulin filtrates. e: 

Thymol Turbidity Test.—The method of Shank and Hoagland? was used in essential 
unmodified form. The reagent was prepared and standardized with mixtures of 0.0962N 
barium chloride and 0,200N sulfuric acid, using an Evelyn colorimeter with 660 filter. Fi 
the tests, 0.15 ml. of serum was added to 10 ml. of the reagent, and the readings were cor 


pared against a blank tube containing only the reagent, which was set for 100 per cel eC; 





transmission. r 

Cephalin-Cholesterol Flocculation Test.—The test was made with commercial antige! 
according to the method of Hanger® by adding 1 ml. of the antigen emulsion to a mixtu 
of 0.2 ml. of serum and 4 ml. of 0.85 per cent sodium chloride in 15 ml. centrifuge tub 
After mixing, the tubes were stoppered and placed in a dark closet at room temperature, a1 
the amount of flocculation in the tubes was estimated, without centrifugation, after twent 
four and forty-eight hours. Since it was difficult to estimate differences in the amount C 


2 tl 


*Obtained from Difco Laboratories, Detroit, Mich. 
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The 


the undiluted standard and a 


following criteria were used to evaluate the results: 1 s intermediaté 


hetween dilution of twofold; 2 plus is twofold; plus is four 


eightfold; 


t plus is water clear. 


RESULTS AND DISCUSSION 


Table I that the albumin-elobulin ratio in eleven normal, 


healthy individuals varied between 1.46 and 1.92 by the method of precipitation 


It is seen in 


with methyl aleohol. These values compare favorably with those obtained in 


normal subjects by the electrophoretic method. The albumin-globulin ratios 


} 
| 


etermined by fractionation with salt are higher in almost every case, but this 
is consistent with recent findings’? that the a @ 


2] 


individuals, the thymol turbidity and the cephalin-cholesterol flocculation tests 


obulin fraction remains in solu 


tion in about per cent sodium sulfate. As was to be expected in normal 


vielded normal values. 


COMPARATIVE VA ES IN NORM Ss J R 
TOTAL ALBUMIN /GLOBULIN CEPI N-CHOLESTERO 
PROTEINS RATIO THY MOL Of ATION 
\¢ GM. Pi sIDITY 
ve 100 M SAI oe s 24 11 is 
I 21 Los La 1.72 l 2 
F ( 1.24 nite 1.67 oe Z “ 
25 6.94 Zeno 1.92 ( l 
F 21 H.04 2.0¢ Bem) 2 re 
i 25 7.96 uot 1.56 
| 7.08 1.82 1.50 2 
I 7.49 1.84 1.64 2 
I 29 S.15 1.8 1.09 ' 2 
F 2] 7.44 2.15 Pay 1.3 2 
M +) 6.74 2.04 1.68 ] 
M 30 8.05 2.02 1.41 1.4 u l 


In Table I] it is seen that the values of the albumin-globulin ratio deter 
mined by fractionation with methyl aleohol follow the clinical course in liver 
disease very well, and the values of the ratio determined by salt fractionation 
appear only slightly less consistent. In the cases of parenchymatous liver dis 
ease which are presented, the values of thyvmol turbidity also seem to afford a 
reliable guide, but the cephalin-cholesterol flocculation test In our experience 
served only to indicate the period in which the disease was at its height. 

In Patient H. S. there was a slight clinical improvement early in the dis 


e, although both the albumin-globulin 


ratio and the thymol turbidity test 


ained essentially constant. About five weeks after admission, during a re 


se in the clinical condition of this patient, the cephalin-cholesterol flocculation 


test became positive. Thereafter, with the onset of steady clinical improvement. 
the values of both the protein ratio and the thymol turbidity test gradually re- 
turned to normal. At biopsy on June 12, the liver showed evidence of almost 
complete healing. From the values of the albumin-globulin ratio it would seen, 
that the hepatic function had returned to normal. 
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TABLE II. COMPARATIVE VALUES IN CASES OF LIVER DISEASI 


POTAL 
PRO ALBUMIN PHY MO! 
TRIN GLOBULIN TUR CEPH.-CHOL. 
pA PER RATIO BIDITY FLOCCULATION 
MENT DAT CENT) SALT ALCOHOL!) (UNITS 24 Hk. HS HR. REMARKS 
a. feute hepatitis 
HS. 1/29 6.91 0.93 0.80 7.6 u l 
5/16 6.58 0.60) 0.80 12.9 9 ” 
0/19 6.05 3 0.82 8.7 2 2 Clinical improvement! 
0/35 S.02 Sb 95 iy 7 4 4 Cholesterol esters 49° 
6/6 S58 (85 ‘ 20.6 3 j Relapse 
6/18 7.15 1.27 1.14 10.7 2 Z 
6/19 7.13 1.26 Laz 9.6 2 2 Clinical improvement 
6/30 7.30 1.54 1.48 1.7 2 4 Cholesterol esters 70, 
7/10 7.05 1.74 1.40 D.I l l 
6 be be Biopsy: subsiding hepatitis 
M. L. 6/16 6.60 1.13 0.60 17.8 3 
6/25 6.08 0.96 0.80 14.5 
7/8 6.88 1.0] 0.95 nd 2 2 
6/11 Biopsy: diffuse hepatitis 
B. R. 1/2 7.08 1.22 0.67 14.2 Ps 
7/21 7.42 1.08 1.06 7.( A yA 
9/25 7.00 1.38 AY l ] ( omplete clinical 
recovery 
Cirrhosis with liver failure 
B.C. 6/12 6.98 0.29 0.91 10.4 
6/17 7.03 0.26 0.94 12.6 3 4 Clinieal improvement 
6/30 7.10 0.32 1.16 8.4 4 4 
7/28 7.00 .24 13.1 o 
c. Common duct obstruction 
B. D. 9/15 S.10 0.90 1.02 1.9 2 2 
‘gy 6/5 120 1.68 Bs pe 1.8 () U 
S.S. 0/27 8.12 1.15 1.26 1.0 () és 
F’. K. 6/4 6.52 1.48 0.55 0 0 + 
d. Metastatic carcinoma of the liver 
R.S. 5/14 6.74 0.97 0.71 0.3 (0) 0 
Pie DJ 7.54 0.98 0.80 2.0 ns 1 


In Patient M. L. a biopsy on June 11 showed extensive liver damage. This 
Was in agreement with the low ratio of the proteins and the high values of th) 
mol turbidity. In the ease of Patient B. R., who showed a typical clinical pic 


ture of acute hepatitis, the values of the ratio and the thymol turbidity were also 


4 


consistent. Patient B. C. had a typical case of cirrhosis of the liver. He wa 
admitted to the hospital gravely ill, but steadily improved under treatment an 
was finally discharged. Several weeks later the patient was sufficiently well 1 
return for the last examination. In Table II it is seen that the values of tl 
albumin-globulin ratio were quite consistent with the steady improvement show 
clinically, although the thymol turbidity and cephalin-cholesterol flocculati: 
tests remained elevated and essentially constant. 

In obstruction of the common duct and in diffuse carcinoma ot the liver t! 
values of the albumin-globulin ratio determined with methyl alcohol are con- 





sistently depressed. This depression was especially of value in the case of P 


tient I. T. (Table II), whose liver was riddled by metastatic carcinoma of ren 
origin and who died very shortly after laparotomy from hepatic and_ ren 
failure. Yet in his case, as well as in the other case of extensive carcinoma, al 

iy 
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in the cases of relatively lone standine obstructive jaundice, the thyvmol tur 
bidity and cephalin-cholesterol flocculation tests gave normal values and afforded 
no index to the marked hepatic damage present. 

In Table III are presented the results of all the nonhepatic cases studied 
in which a derangement of the serum proteins might be expected. The patients 
of this eroup had conditions entailing a loss of protein either in the urine or 
as a result of hemorrhage. Edema was common. It is seen that the albumin 


vlobulin ratio determined Hy methyl] alcohol precipitation Was approximatels 








n 
u 
raABLE III COMPARATIVE VALUES IN CASES SHOWING A DERANGEMENT OF SERUM PROTEINS 
nt Dtrk TO NONHEPATIC CAUSES 
/ 
roTAI ALBUMIN /GLOBULIN rHY MOI CEI CHOLES 
PROTEIN RATIO ITY ( Oct ATIC 
PATIEN DATE % SALT ALCOHOI 24 HH $s 
x 6/19 3.94 1.1¢ ) 0) ] ] 
7/8 5.71 1.14 0.55 9 
Bleeding duodenal Ce 
kK. B D/1 6.19 1.22 6S 1.1 
Carcinoma « stomach with pe pheral edme 
S.G »/2 1.0, 6S .97 
To emia o preananecy th edema 
I.G 2/2 tt 1.48 S] 5 
7 H yperte é hee 6 (1S¢ with edema 
- Be 1/1s 5.49 2.04 14 y 
5/312 $4 1.06 Sv 
0/5 3.97 0.97 7] 
Nevere hb ‘ 
< 9/14 7.04 1.02 1.95 ° 2 
| ‘ USEé aaqainda blee ( 
M. kK 5/2 64 ry 1.05 24 2 
7) ae HOF OSS 112 ‘3 ] 
(are oma ] OTe th me Ore 1 
1K 3/22 5.32 1.2 1.14 + 
D/2¢ 5.66 1.32 1.0 
Bleeding aas ri ce gastrectomy 
BI 5/2 7.05 0.72 0.67 
Ms Vultiple mueloma 
\ 1.C D/7 ».62 LSS a CY | 
Le LK H/Y 6.0. 1.54 64 Gal 
S t < 3.0: 1.41 S] 4 ( 
a» kK 5 /& x G5 65 ] j ‘ 
Boece] sarcoide 
I $/2 Ye 1.47 t +.4 
Chronic lumphadeniti 
I 4/2 6.4 1.67 O4 J 
Chroni puonephrit 
\ M 4/22 2 1.28 17 ¢ 24s 
5/5 6.8] 1.5] 37 5.9 
1 te ephi t with édema 
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normal in only two of the seventeen patients. The clinical diagnoses in thes 
eases were Boeck’s sarcoidosis and chronic lymphadenitis. It is noteworthy 
that the thymol turbidity test was elevated in both. Another patient, Patient B 
L. who was diagnosed as having multiple myeloma, had a markedly depressed 
ratio, but both the thymol turbidity and the cephalin-cholesterol flocculation 
tests were normal. The increased 8 globulin fraction which other workers find 
in this disease’* did not yield elevated values in the thymol turbidity test. 


TABLE LV. COMPARATIVE VALUES IN MISCELLANEOUS HOSPITAL CASES NoT USUALLY 


ASSOCIATED WITH CHANGES IN SERUM PROTEINS 
rOTAl ALBU MIN/GLOBULIN PHY MO! CEPH.-CHOL. 
PROTEIN RATIO PURBIDITY FLOCCULATION 
PATIENT Y/ SALI ALCOHOI UNITS 24 HR. 1S. HR. DIAGNOSIS 

l 6.92 LoS 2.20 1.2 + ] Chronic nephritis 

“4 7.42 1.90) 1.54 11.4 u u Colostomy 

6.3] 1.80 1.58 ld : Chronic choleeyst 
itis 

| 6.6] L.33 1.83 1.8 0 + Nutritional anemi 

2 6.75 1.43 OSD 1.5 0 ] Prostatie hyper 
trophy 

6 7.26 1.46 2.26 2.8 u u Chronie nephritis 

7 8.59 92 1.46 10.9 : ul Essential hyper 
tension 

S 7.02 1.24 1.16 6.2 | Z Chronic rheumua 
toid arthritis 

8) 6.18 1.02 L771 0.7 ys 3 Chronie choleeyst 
itis 

LO 7.50 1.40 1.96 Dd 3 3 Duodenitis 

1] 7.05 1.54 1.92 0.6 + u Essential hyper 
tension 

|? 6.51 1.58 1.53 0.1 + + Pneumonia 

13 6.85 Ls 1.48 1.3 0) () Cerebral accident 

14 7.10 1.00 1.78 0) u + Cardiae disease 

15 0.84 1.82 1.24 0.7 ] Pernicious anemi 

16 8.28 1.0] 1.39 1. 2 ) Turbereulous 
lymphadenitis 

17 6.57 1.7] 1.46 0.8 | ] Chronie Jymphati 


leucemia 


In Table LV are seen the results in an unselected group of miscellaneous 
hospital patients in whom there was no suspicion of liver disease or of any other 
pathology that might cause a derangement in the serum proteins. Only three 
of the seventeen patients showed a marked depression of the albumin-globuli 
ratio. Of the seventeen patients, four showed an elevated thymol turbidity and 
three a positive cephalin-cholesterol flocculation. 

It seems clear that the albumin-globulin ratios determined by precipitatio 
with methyl aleohol more accurately reflect the severity of the pathology 1 
patients with liver disease than any other individual test and may be used as 
an index of the extent to which the liver is involved. In Tables III and IV 
is seen that the abnormalities in the serum proteins due to nonhepatie causes 
ean be correlated quite well with the clinical picture, but the values obtained 
by salt fractionation appear to be less consistent than those obtained by precip! 
tation with methyl alcohol. In our experience the results of the latter method 
are even more reliable than the values of the thymol turbidity test. provided 
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we rule out clinically, as far as possible, nonhepatic causes for a derangement 
in the serum proteins. Partieular emphasis is placed on the fact that Table IV 
contains the results in all the cases studied where a derangement was not ex- 
pected clinically. 

Whereas Shank and Hoagland found the values of the thymol turbidity 
test in forty-six normal subjects to range between 0 and 4.7 units, our range for 
a smaller series of normal, healthy individuals is 0 to 1.5 units. One value of 
9.5 units was discarded, since it was found in a man who was known to use 
aleohol to exeess and in whom the albumin-globulin ratio by imethy] alcohol 
precipitation was 0.92. The cephalin-cholesterol flocculation test in this indi 
vidual was 2 plus. The latter test in our series of eleven normal subjects 
showed seven with a value of 2 plus and four with a value of 1 plus. A reading 
of 83 plus or 4 plus is generally considered abnormal for the Hanger test. Since 
control tubes without added serum were always 1 plus or less, this high propor- 
tion of apparently healthy individuals with values of 2 plus is disturbing. We 
have no explanation for the discrepaney between our results and those of other 
workers who almost invariably obtained negative values with commercial anti- 
gen in normal subjects... However, in spite of this discrepancy our results with 
the cephalin-cholesterol flocculation test seem quite consistent and apparently 
indicate the height of the disease in parenchymatous liver involvement. We 
stress the fact that our procedure entails an objective comparison of the un 
known sera with standard tubes prepared from the antigen and saline solutions. 

Of interest in connection with the serum proteins in liver dysfunetion is 
the high value of the thymol turbidity test found in Patient B. S. (Table IIT) 
a few days before death. The total proteins in this patient had remained con- 
stant at about 4 Gm. per 100 ml. for a month, and there was a constant elimina- 
tion in the urine of about 15 Gm. of protein per day. Transfusion was not 
resorted to, but the patient was kept on a high protein diet which was apparently 
sufficient to replace the albumin that was excreted. Death finally came as a 
result of an abdominal infection which may have involved the liver. Permission 
for an autopsy was not obtained. Although the absolute amounts of albumin 
and globulin were essentially constant in three different determinations over a 
period of three weeks, the thymol turbidity test was positive only in the last 
determination, with a value of 7.9 units. 

In conclusion, the present study demonstrates the importance of the albu 
min-globulin ratio in the study of liver disease. Neither the thyvmol turbidity 
nor the cephalin-cholesterol flocculation tests indicated an involvement of the 
liver in the eases of obstruction of the common duct and of eareinoma of the 
liver which were studied, but all showed a marked depression of the ratio. 
There is good reason to believe that the values of the proteins obtained by precip- 
itation with methyl alcohol are a true estimate of the partition that is shown 
by electrophoresis. Although it is obviously not possible in every ease to be 
certain that nonhepatic causes for a derangement of the serum proteins are not 
present, our results appear encouraging. We feel that onee hepatic involve- 
meit is recognized, the albumin-globulin ratio becomes a valuable means of 
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evaluatine the degree of the involvement. It is also of aid in gauging the 
clinical progression or regression of the cases under study, and this can be 01 
prognostic significance. 


SUMMARY 


The results of a simultaneous study of the albumin-globulin ratio, the 
thymol turbidity test, and the cephalin-cholesterol flocculation test in eleven 
normal subjects and in three groups of hospital patients are presented. Thi 
albumin-globulin ratio, as determined by fractionation with methyl! alcohol, was 
found to be consistently depressed and to agree with the general clinical pic 
ture in ten cases of liver disease. The thymol turbidity test also was found t 
vive consistent results in four cases of parenchymatous liver disease, but 
offered no index to the dysfunction in two cases of liver carcinoma and in fou 
cases of relatively long-standing obstructive jaundice. The cephalin-cholestero! 
Hoeculation test seemed only to indicate the height of the disease in the four 
cases Of parenchymatous liver disease which were studied. 

That nonhepatic causes for a decrease in the albumin-globulin ratio cat 
he excluded with a fair degree of certainty is shown by the low incidence of 
a depressed ratio found in a group of miscellaneous hospital cases which did 


not include patients in whom a low ratio might be expected from causes en 


tailing a loss of serum protein. It is concluded that the albumin-globulin ratio 
may be utilized with profit in the study of liver disease. since it seems to offer 
intormation which is as good as either the thymol turbidity or the cephalin 


cholesterol floceulation tests. 


to Dr. Joseph Felsen, Director of Research and Laboratories, 
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A DILUTION TURBIDITY TEST IN THE SERUM IN COMPARISON 
WITH THE THYMOL TURBIDITY AND CEPHALIN-CHOLESTEROL 
FLOCCULATION TESTS 


Fritz Dreyruss, M.D. 
New York, N.Y. 


INCE the detection of hyperglobulinemia is of importance, a large variety 
S of methods has been emploved to discover an increase, either absolute o1 
relative, in plasma globulins. Whereas previous work has tried to link the 
results of the tests for hv perelobulinemia with the amount and distribution 
of protein determined by chemical methods (salting-out techniques’), more re 
cent studies have attempted to correlate some of these well-established elinica 
tests with definite serum protein electrophoresis. It soon became evident that 
rather complicated mechanisms are involved and not simply an inerease of a 
single, well-defined fraction of the serum protein. An inquiry into the nature 
of Hanger’s cephalin-cholesterol flocculation test? (C.C.F.), for example in in 
feetious hepatitis, has led to the conelusion that the gamma globulin content 
of the serum has to be increased and that its albumin content as well as the 
protective action of this albumin has te be decreased in order to give a positivi 
result in this test... The substance responsible for the turbidity in Maeclagan’s 
thymol turbidity test* ° (T.T. T.) was originally assumed by Maclagan himself 
to be composed of gamma globulin, phospholipids, cholesterol, and = thymol, 
whereas Cohen and Thompson® reported that the thymol reagent reacts ehiefl 
with the beta globulin fraction of the serum. In addition, Recant, Chargaff, 
and Hanger’ have demonstrated that the mechanisms of the two tests are dil 
ferent. They found that the gamma globulin fraction is not necessary for a 
positive thymol test but is essential for a positive cephalin-cholesteral floeeula 
tion and that the presence of lipids is essential in the thymol turbidity test but 
has no influence in the cephalin-cholesterol flocculation test. According to these 
workers, the albumin fraction, on the other hand, is of importance for the ceph 
alin-cholesterol flocculation but not for the thymol turbidity test. Cohen and 
Thompson, it is true, have also stated that there is not only no correlation. be 
tween a gamma globulin increase and the thymol turbidity test units, but also 
that the same holds true for the beta globulin in their experiments. They there 
fore consider a change in the nature or amount of lipids bound to the beta glob 
ulin fraction as a possible agent. Kunkel and Hoagland’ in a very elaborate com 
munication have recently presented evidence that the turbidity measured in the 
thymol turbidity test depends on protein as well as on lipids precipitated. The 
varying lipid content of sera, however, determines different degrees of turbidit 
only in the presence of serum globulin likely to produce the reaction. Their elec 
trophoretie analysis of the thymol precipitate after lipid removal demonstrated 
the protein to be a gamma globulin; study of the sera after separation from the 
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thymol preeipitate, in contrast, showed a definite decrease in beta globulin. 
The addition of large amounts of albumin in vitro proved to have a slight in 
hibitory effect on the thymol precipitation. The authors conclude that the 
thymol turbidity in infectious hepatitis depends **on the presence of lipids and 


f abnormal lipid protein complexes migrating in the beta globulin fraction of 
the serum. The gamma globulin fraction of serum also plays an important 
role in the reaction. ’’ 

Kala-azar has lone been the vardstick by which the efficacy of methods for 
detecting hyperglobulinemia was measured. Out of the necessity for a simple 
screening test for this disease, a blood or serum dilution test was devised by 
Brahmachari® *®? who used a 1:2 to 3 dilution with distilled water. Ray?! in 
1921 and Sia!’ in 1924 suggested a 1:200 or 1:30 dilution, respectively, using 
whole blood. It is of interest to mention that Naumann'® showed that water 
saturated with alveolar air (40 mm. He CO.) precipitates certain globulins from 
the serum. 

Our interest in this subject was aroused by the recent determination of this 
dilution fraction and of cold-precipitable globulins by Wertheimer and Stein in 
kala-azar’™*?° and by Wertheimer’® in other hyperglobulinemic states. In the 
course of an investigation into this cold fraction, it seemed worth while to re 
evaluate the procedure of serum water dilution. Because of the uncertainty 
concerning the nature of the material precipitated and because of the findings 
that became evident during this work, we prefer to call the test as performed 
here a dilution turbidity test (D.T.T.). Since it was intended to find out 
whether this reaction is indicative of some distinct hyperglobulinemie pattern, 
the thymol turbidity and the cephalin-cholesterol flocculation tests were carried 
out at the same time. They may serve as possible range finders for the elucida- 


tion of this hypothetie pattern (roughly beta or gamma globulin, lipid depend- 


ance, and so forth) 


MATERIAL AND METHODS 


Sera of patients from various departments of this hospital were examined. 


The dilution test was performed it 


the following way: 0.4 «ec. of fresh serum were 
luted into 6.0 ¢.e. of doubly distilled water (1:15 dilution) and gently mixed. The result- 
g turbidity was observed after a few minutes and its intensity was measured in a Fisher 
otometer (filter 660, as used for the thymol turbidity determination) after thirty minutes. 
he readings so obtained were then converted into units using the barium sulfate standards 
‘Shank and Hoagland17 just as for the determination of units in the thymol turbidity test. 
soon became evident, first, that any value exceeding 2.5 units represented an increase in 
s fraction and consequently an abnormal result, and, second, that a twenty-four hour 
cculation could frequently be observed. This flocculation appeared in many of the sera 
ich showed an abnormal increase in turbidity. 

The eye quickly becomes used to gauging low, normal, and high values even without 
use of a photometer. 

The serum so diluted loses its color entirely except in the presence of a fair increase 
bilirubin, in contrast to the thymol turbidity and cephalin-cholesterol flocculation tests. 

The thymol turbidity test was carried out according to Maclagan’s original technique 
th Shank and Hoagland’s modification and using the suggestion of Maclagan4 and of Neefe 
1 Reinhold’s that the flocculation which takes place after twenty-four hours in certain sera 
noted. Values over 4 thymol turbidity units as well as flocculations of 1 plus to 4 plus 
re considered abnormal. 
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The cephalin-cholesterol flocculation test was performed according to Hanger’s original 
method.2 The test tubes for all three tests were kept in a darkened room as suggested by 
Neefe and Reinhold!s for the cephalin-cholesterol flocculation test. A plus-minus reading 
was considered negative. 

Since this hospital cares mostly for the chronically sick, the material examined reflects 
this fact in the relatively low number of certain acute conditions commonly examined in a 
study of this sort. This circumstance, on the other hand, provided us with a chance to 
hecome well acquainted with the so-called false pesitives encountered in performing these 
tests. 

EXPERIMENTAL RESULTS 

Karly in the course of this investigation it became evident that the dilu 
tion turbidity paralleled the thymol turbidity rather closely. However, a cer 
tain number of discrepancies occurred. These discrepancies could be divided 
into two principal groups: first, those apparently due to a real difference in 
the two fractions of the serum responsible for the two respective reactions, and 
second, others which proved to be dependent on a time factor in the carrying 
out of the dilution; both will be discussed later. 

It seemed, therefore, of interest to perform several experiments designed 
to elucidate the relationship between the dilution turbidity and the thymol 
turbidity or the cephalin-cholesterol flocculation and their respective biochem 
ical backgrounds. By and large, procedures carried out by Reeant and co- 
workers’ were applied with certain modifications. 

The thymol turbidity test and the dilution turbidity test are both per 
formed using distilled water as a diluent, whereas the cephalin-cholesterol floe 
culation is done in normal saline solution. Both the former tests are read after 
thirty minutes. A series of successive dilutions of normal saline solution demon 
strated (Table 1) that the dilution turbidity increases with decreasing salt con 


centration, pointing to its euglobulin nature. 
TABLE I. INFLUENCE OF SODIUM CHLORIDE CONCENTRATION ON THE DILUTION TURBIDITY 


0.4 ML. SERUM IN 6 ML. H,0 0.23% Nacl 0.45% Nacl 0.9% Nacl 


SERA | 
B.S. 5 2 1 0.5 
I. R. 6 | 

D. R. 2.5 2 1.5 


According to MeFarlane’s technique’ (repeated lipid extraction with ether 
and separation of extract by freezing), extracts of several sera were prepared. 
The thymol turbidity, dilution turbidity, and cephalin-cholesterol flocculation 
of these sera were determined immediately before and after the extraction. As 
Table II shows, this procedure was followed by a considerable decrease in thymol 
turbidity and dilution turbidity and, in contrast to the findings of Reeant and 
co-workers,’ also by a slight but noticeable decrease in’ cephalin-cholestero! 
flocculation of about 1 plus. This decrease in cephalin-cholesterol flocculation 
may be due to an alteration of the protein structure caused by the repeated 
freezings, rather than to the extraction of lipid material. 

The dried substance extracted by the freezing process in seven sera did 
not dissolve in KOH, and it gave a negative biuret reaction in five and a very 
mildly positive reaction in two of the extracts. The positive reactions may 
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TABLE LI. RESULTS OF DILUTION TURBIDITY, THYMOL TURBIDITY, AND CEPHALIN-CHOLESTEROI 
FLOCCULATION TESTS ON SEVEN SERA BEFORE AND AFTER LIPID EXTRACTION BY FREEZING 
WitH ETHER (TECHNIQUE OF MCFARLANE!9) 


DATE DTT ‘eke es C.C.F. 
SERA DIAGNOSIS (1947) | BEFORE | AFTER | BEFORE | AFTER |BEFORE| AFTER 
G. D. Cirrhosis of liver 9/2 a l 11 2 1 3 
T. Ze Infectious hepatitis 9/2 oD | 12 2 o plus 3plus 
E.S. Arterioselerotic heart dis 9/9 3 0.5 3.5 1.5 Neg. Neg. 
ease, congestive failure 
M. B. Rheumatie heart disease, 9/9 25 l re 1.5 Neg. Neg. 
congestive failure 
yee 8 Pneumoconiosis 9/9 25 l 7.0 1d Neg. Neg. 
N. P. Cirrhosis and carcinoma of 9/9 2 0.5 6 1.5 2plus_ 1 plus 
liver 
M. L. Cirrhosis of liver 9/9 125 5 21) 5 fplus 3 plus 
}+ = }: Z 
Slight flocculation : a moderate flocculation: 3:4, heavy flocculation t+, Complete 


, 


Hocculation., 


have been due to a slight contamination of the extract with serum. The ex 
tracted substance is apparently a lipid fraction of the serum. It was interesting 
to note that the extracts of sera having high thymol turbidity and dilution tur- 
bidity values prior to extraction vielded a visibly greater amount of substance. 
TABLE III. RESULTS OF DiLUTION TURBIDITY, Tity MOL TURBIDITY, AND CEPHALIN-CHOLESTEROI 


FLOCCULATION TESTS BEFORE AND AFTER ADDITION OF SERUM-LIPID EXTRACTS OBTAINED 
FroM OTHER SERA 


PLUS 


EXTRACT 
SERA D.T.T. r.T.T. C.C.F. OF SERA D.T.T. r.T.7, C.C.F. 
D; BR. 2 25 a 8 13 12 
ELS. 25 3D Neg. M. L. i) Y Neg. 
NP. 2 8.0 2 plus M. B. 10.5 1] Neg. 


Not examined. 


Table IIL shows the effect of adding these extracts on a quantitatively corre- 
sponding basis to other sera and the subsequent behavior in tests. To an amount 
of 1.0 «ee. of serum the extract obtained from 1.0 ©¢.¢. of another serum was 
added and the serum so enriched was used for the determinations. The extracts 


‘ABLE LV. RESULTS OF DILUTION TURBIDITY, THYMOL TURBIDITY, AND CEPHALIN-CHOLESTEROI 
FLOCCULATION TESTS CARRIED OUT ON SERUM-LipIp EXTRACTS 


XTRACTS OF SERUM D.T.T. Poreks C.C.F. 


jee 10.5 7 = 
M. B. 6 5 | Neg. 
M. L. 6.5 6.5 Neg. 


Not examined. 


emselves gave positive thymol turbidity and dilution turbidity tests, but nega- 
e cephalin-cholesterol flocculation tests (Table IV). 

Similarly the following two analyses bear out the conformity of behavior 
dilution turbidity and thymol turbidity in contrast to cephalin-cholesterol 
eculation. 
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The dilution turbidities in the blood sera of three healthy rabbits were 
1.0, 1.0, 1.0, and the thymol turbidities were 1.0, 1.0, and 0.5, respectively ; 
the cephalin-cholesterol flocculations were 4 plus, the two latter being in agree 
ment with the findings of Recant, Chareaff and Hanger.’ 

Human immune serum globulin*® was tested. Table V demonstrates the 
results, proving that this product contains a large amount of cephalin-cholestero! 
flocculation producing substance (gamma globulin) and apparently very littl 


of the materials responsible for the two other tests. 


TABLE V. RESULTS OF DILUTION TURBIDITY, THYMOL TURBIDITY, AND CEPHALIN-CHOLESTERO 
FLOCCULATION TESTS ON HUMAN IMMUNE SERUM GLOBULIN (SQUIBB) 


AMOUNT OF MATERIATI 


USED 

(ML. ) DTT. UR A ee C.C.F. 
0.4 1 

0.2 0.5 I t plus 
0.1 0.5 t plus 
0.05 t plus 
0.025 t plus 
0.01 t plust 
0.005 t plust 
0.0025 + plust 

*Flocculation starting after five minutes. 


*Flocculation starting after about thirty minutes. 


We feel justified in concluding from the foregoing experimental and bio 
logic findings that the serum fraction responsible for a positive dilution turbidity 
test is closely related to the one responsible for a positive thymol turbidity test. 

At the beginning of our work, a fair proportion of discrepancies between 
dilution turbidity and thymol turbidity (the dilution turbidity was too low 
compared with the thymol turbidity) was found to be due to a delay in per 
forming the tests. The later a dilution turbidity test was carried out, the lower 
its value was likely to be; there was, however, some turbidity even after five 
to six hours. Moreover the increased dilution turbidity of pathologie sera 
showed a definite tendency to persist longer. 

Since there was reason to suspect that loss of CO, might account for this 
inconstaney of findings, a series of experiments was performed in order to 
study this possibility. In these experiments samples of blood were collected under 
oil, the serum was separated under oil in some of them, and the tests were 
performed on the sera thus obtained. These results were compared with those 
obtained on blood collected in the usual way. Table VI summarizes a few of 
these experiments. The results led to the following conclusions: dilution tur 
bidity tests done on separated sera remain more constant than those done on 
unseparated sera; dilution turbidity obtained from sera or even from unsep 
arated sera under oil tends to keep constant for a longer time (about as long 
as the protective action of oil on the C¢ ), content can be expected to last, several 
hours according to Peters and Van Slyke*’). However, apparently there are 
other factors which must have accounted for the rather erratic behavior of the 
dilution turbidity after six hours or more. With the intention of excluding at 


*E. R. Squibb & Sons, New York, N. Y. 
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TABLE VI. CHANGES IN DILUTION TURBIDITY VALUES UNDER OIL AND WITH SERUM 
SEPARATED FROM CLOT 


SERUM 
SERUM CLOT PLUS SERUM SEPARATED 
SERA HOURS CLOT PLUS SERUM !|SEPARATED UNDER OI] UNDER OII 
F’. Initial value LS 9.5 
24 2 2.0 pa 
t Ld Zen oO 5 
v5 1.0 ARS a5 
24 3 
B. Initial value 6 6 
13 5 a 6 
| 2 if) 6 
24 20 2.00 6 6 
DD. Initial value 7 ao 
D 7 
° 5 % 
dos is Initial value 7 7 
l 6 7 
IS 2 e 


least one other possibility, an attempt was made to poison the active enzyme 
systems which may be responsible for the deterioration of the dilution turbidity. 
The addition of 0.05 ¢.c. of a 1:10,000 solution of NaCN to 1.0 ©. of serum, 
however, did not prevent the decrease as observed in the controls. 

When the dilution turbidity test is performed in distilled water saturated 
with CO, (aceording to Naumann") but otherwise following the technique em- 
ploved throughout our work, the values thus obtained are higher than when 
the test is performed on freshly drawn blood using distilled water alone. The 
normal upper limit here is probably close to 4 units. 

We consequently consider it as probable that the eseape of CO, is the 
reason for the eradual lowering: of the dilution turbidity values on standing. 
To avoid using means for controlling this escape and thereby complicating an 
otherwise simple procedure, we recommend that the test be performed shortly 
after the blood is drawn, preferably within one to two hours. Otherwise the 
serum should be separated from a blood specimen taken under oil and stored 
inder oil in a refrigerator. Even taking these precautions it is best not to 
delay the test for more than six hours. 

In the following tables (Tables VII to X) and statistics only those values 


re used which were obtained from freshly examined specimens. 


CLINICAL RESULTS 


In 328 blood specimens taken from 203 patients the following results were 
tained: 196 specimens from 105 patients showed a positive result in one or 
re of the tests performed. The dilution turbidity test was positive in 139, 

thymol turbidity test in 160, and the cephalin-cholesterol flocculation in 

I51. <All three tests were positive simultaneously in 90 specimens. Only the 
ution turbidity and thymol turbidity tests were positive in 34. The dilution 
bidity test and cephalin-cholesterol flocculation test were positive in 6. The 
mol turbidity and cephalin-cholesterol flocculation tests were positive to- 
her in 14. The dilution turbidity test was positive alone in 9, the thymol 
bidity test alone in 22, and the cephalin-cholesterol flocculation alone in 21. 
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TABLI 
PA- 

TIENT DIAGNOSIS 
E.R. Infectious hepa 
titis 

Improving 

LL. G. Infectious hepa 
titis, HCVD 
Improved ) 
(Improved 
(Well) 

M.%. Chronic hepatitis 

DK Tuberculosis of 


bone, mild hepa 
titis, probably ot 
tvpe; 

almost 


serum 
cured ) 


Tuberculosis of 


spine, hepato 
megaly 


Tuberculosis of 
lungs, homolo 
vous serum 


jaundice 


H..] Infectious hepa 


titis; | improved ) 


\. ( Laénnec’s cirrho 
SIS 
oe. Cholangitic 


cin rhosis 


Wor se) 
Very bad 


M.M. Cirrhosis, dia 
hetes, Kimmel 
stiel- Wilson 
syndrome 
disease, 


Osler’s 


F. D. 


cirrhosis 


dir., Direct 
T.P., Total 
*Hypertensive 
+Arteriosclerotic heart 


reacting ; 


protein; A, 
cardiovascular 


VII. 


DREYFUSS 


DISEASES OF THE 


DATE 
1947) | D.7.T. | T.T.T. 


‘ 


ind., 
albumin; 


/18 6 11 


6/ 


2 j 16D 
7 3.5 6 
16 } S 
Ss 25 ) 
20 4 5 t) 
} t) 
27 3.0 if) 
7 j rf) 
11 20 ro 
) ) 7 

Px) i) 
~5 a) ) 12 

2 7 19.5 

} t+ 

2 7 17.5 
1] t) 1s 
s 4 14 
s 6 11 
PO) $5 10 
95 if) 16 

7 1.5 18.5 
11 1.) 22 
14 0 oe 
yA} )..) 1S 

2s 4 18.5 
} £3 14 


20 es 200 
Aa » 4 
indirect reacting. 


G, globulin, 


disease, 


disease, 


LIVER 


C.C.F. 
} plus 
5 plus 


Neg. 
Ne 


o 
oan 


} plus 
} plus 
t plus 
2 plus 
1 plus 


+ plus 


Neg. 


t plus 


t plus 
+ plus 


1 plus 


3 plus 


t plus 
t plus 
t plus 
t plus 
t plus 


} plus 
+ plus 


t plus 


2 plus 


Neg. 


2 plus 


AND BILIARY 


TP:. 59: A, 3.1; G, 2:8; alka 


T.P., 5.3; A, 2.4; G, 2.9: bil 





TRACT 


OTHER 
Bilirubin 12.7 


FINDINGS 
mg. % dir. 
9. 


7 
0.8 
Ss 


Bilirubin l.4o1 


Io 


Bilirubin 3.6 


mg. % 


BSP, 
bili 


G12 A, obs GG Za: 
tO left after SO) min.: 
rubin, 0.3 mg. &% ind. 


Bilirubin 1.1 mg. &% ind. 
Bilirubin 7.5 me. % dir. 


mg. % 


Bilirubin 4.3 


line phosphatase, 5.8 U. 


rubin, 2.8 mg. &% dir. 
Bilirubin 6.3 me. % dir. 


TP... 5:8: A, 29: G, 29: BSP 
100% retention 
BSP, 28% left after 45 min. 


, 0.4.3 2.2 


A. 3% WG, 








PENT 
‘2D. 


M. 





DIAGNOSIS 
Laénnee’s cirrho 


sis 


‘holangitie cirrho 


obstruction 


SIS, 


(adhesions ) 


Laennee *s cirrho 
rheumatoid 
arthritis 


SIS, 


“oe 
cirrhe 


snennec 's 
SIS, congestive 
liver damage, 


ASH D+ 


Laénnec’s cirrho 
Sis, carcinoma of 
biliary tract 
Laénnee’s cirrho 
sis, biliary cirrho 


Cirrhosis, eat 
of liver 


cinoma 


Biliary. cirrhosis 


Cirrhosis, hepa 


titis 
Carcinoma of 
breast; p.m. 2 


cirrhosis of liver 


and metastases 


Carcinoma of 
of pancreas, con 
plete obstruction 
With metastases 


Obstructive jaun 
dice, malignant 
tumor 


Obstructive jaun 


DILUTION 


head 


dice, carcinoma of 


head of pancreas 


DATE 


1947 ) | 
7/16 
7/9 
7/30 
8/20 
Q/9 
1/28 
7/30 
i fa 
$/1 


y 


an) 


10 


~ 


Qq 


TURBIDITY TEST IN 
TABLE VII.—Conrt ’p 
D.T.T. T7.P. C.C.F. 

.D 8.5 2 plus 


+ plus 
3 plus 


t plus 


} plus 


$ heed 2 plus 
5) 8.5 + plus 
25 rR plus 


ey ya 

20 5 > plus 

W5 20.0 t plus 
} 


t plus 


Ste 1S ff 


t plus 


1 plus 
2 ) 2 plus 


Neg. 


- 95 Ne 
2 5 + 


Neg. 
Neg. 


(Cont’d on next page) 
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OTHER FINDINGS 
6.7; A, 5.1; G, 1.6; bili 


than 0.1 mg. & 


TP. 


rubin less 


fa coe 


6.0: 


Bilirubin, 2.2 
phosphatase, 19.7 U. 


my. Yo; alkaline 


6.6° 


BR Ze 


Cholesterol, 198; esters, 136 mg. 
07 

BSP, 70Q% left after 30> min.; 
Eps t4> Ay 3.9< G35. bit 
rubin, 1.2 dir. 

Cholesterol, 19S: esters, 135; 


bilirubin, 37.5 mg. %: alkaline 
phosphatase, i3.3 U 


Bilirubin 14.2 mg. % 


Lika (0% A, 3.0; 4,42: bilire 
bin, 45 mg. % ; cholesterol, 546 
mg. %; esters, 183 mg. &% 
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TABLE VII.—CONT ’p 


: — 
PpA- DATE 
TIENT DIAGNOSIS 1947) | D.T.T. i CCE. OTHER FINDINGS 
aw. Ts. Carcinoma of gall §/29 3.5 10.5 Neg. 
bladder, severe } 9g 1 plus 
prolonged ob 
structive jaun 
dice 
M.F. Seminoma with 9/5 15 S Neg 
metastases ot 
liver, obstructive | 6 Ney 
jaundice 
M.P. Lymphosarcoma, 10/15 » 95 Neg 
obstructive 
jaundice (10 
days) 
E.S. Chronie chole Y/ae j » Neg 
CVStitis 
R. D Cholecystitis 8/1] 3 8.5 Neg. 
8/18 » 4 Neg. 
©. 8. Pancreatitis, 6/18 2 5 Neg. 
obstructive 6/29 Zz AES Neg. Alkaline phosphatase 29.4 U. 
jaundice 
Day of Operation 7/10 20 | Neg 
W.R Jaundice after 6/20 3 95 Neg. Bilirubin 17.5 me. G% indir. 
gastric operation, 6/20 3 3 Neg 
obstructive? 6/27 5 + 
i/v 5.0 Neg 
\.H. Diabetes, hepato 6/20 3 | 2 plus PP. 7.52 A; kl: G, 24 
megaly, Kimmel 7/11 2 D.) 1 plus 
stiel- Wilson svn 
drome 


Table VII, which summarizes the eases of liver and biliary tract disease, 
shows the rather close parallelism of the tests with a few notable exceptions 
Patient W. R., following gastroenterostomy and vagotomy for duodenal ulcer 
and obstruction, presented a late postoperative picture ot questionable obstrue 
tive jaundice possibly combined with mild parenchymal damage. Since no 
clear-cut diagnostic conclusion could be reached, the evaluation of the slight 
discrepancy in the tests is obviously impossible. Patients N. P., C. S., M. F., 
and F. W., patients with neoplastic disease, showed discrepancies between the 
dilution turbidity and the thymol turbidity tests; patient N. P. showed cirrhosis 
and carcinoma of the liver on surgical exploration. 

It may be stated here that most of the discrepancies between dilution tur 
bidity and thymol turbidity eventually fitted into three groups: neoplastic 
diseases, congestive heart failure, and, to a smaller extent, diabetes. In dia 
betes the thymol turbidity test is occasionally positive. 

In Table VIII the cases of neoplastic disease are reviewed. Those belonging 
in this group but already reported in Table VII are not repeated but are in 
cluded in the statistics. In eleven specimens out of sixty-five (exeluding th 
rather uniform group of multiple myeloma) a diserepaney between dilution 
turbidity and thymol turbidity was noted, and in five, a discrepaney between 
the thymol turbidity test and the cephalin-cholesterol flocculation test. 
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TABLE VIII. NEOPLASTIC DISEASI 


PA- DATE 


TIENT DIAGNOSIS C1947) | DET. | TP. CCF: OTHER FINDINGS 
SD. Chronie lym Gare hee 10.5 fplus TP. 5.9. A, 4: G, 1.9 


phatie leueemia 


7/28 2) iw) + plus 
8/1] } 1] t plus 
K. B. Chronie lym ps ys Neg. 
phatic leueemia 
ORS IF Chronie ly m 7/16 es) Lo 
phatie leaeemia 9/12 | 15 Neg, 
M.G. Chronie lwm 7/30 | Tce {plus T.P., 4.98; A, 2.46: G, 2.52 
phatie leucemia 2 
S/4 WD 7 3 plus 
8/22 0D 7 » plus 
} 
B. G. Chronic nvelog S/18 | ys Neg. Tie Dee we gee te Zz 
enous leueemia 9/0 | Lo } plus 
et Hodekin’s disease 6/50 e | Neg. 


8/8 2 | Nee. 


K. W. Hodgkin’s diseass 7/9 l 2 0) 


S Ilodgkin’s disease = 8/20 9 23 iplus: “T.P.,. 6:25) A;,.2.23 G5. 3.9 
} 
9/10 S 24 » plus BSP, 75% left after 30 min. 
| f+ 
Q /PY 5 2() - plus 
t 1 
EF. S. Hodekin’s disense 9/26 Re 11 ] plus 
ee OR Caremonig of 7/9 ye 6.5 ] plus 


colon with liv el 


metastases 


rR. \bdominal eat 7/10 6 { * plus 
cinoma with liver 


metastases 


S. G. Carcinoma of sig 8/11 6 10 > plus 
moid with liver 2 2+ 
metastases 5.0 S 2 plus 

> M4 

G. M. Carcinoma of 8/11 o 8 2 plus 
colon, liver en 
largement 

metastases? 

D. R. Carcinoma of S/1] l 2.5 Neg. 
rectum 

r. B. Carcinoma of S/11 LS - 1 plus 
colon 

= OF Carcinoma of 8/11 0.0 2 Neg. 


sigmoid 


(Cont'd on next page) 
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TABLE VIII. 


DIAGNOSIS 


Carcinoma of 8/11 

stomach 

-Carcinoma of 8/11 ee 1] 
rectum (after 

incompatible 

transfusion 

Carcinoma of S/11 | | 
stomach 

Carcinoma of 8/13 | 7 
esophagus 

Carcinoma of S/IS 25 5.5 
sigmoid 

Retroperitoneal 7/25 » 

tumor cachexia S/] Bs fae 
Hypernephroma S/1 1.5 2 
Carcinoma of S/1: 15 2.) 
CeTVIX 

Carcinoma. of 9/17 5 [ey 
prostate 

Carcinoma oft 6/18 » 
thyroid 6/25 2 2 
Bronchogenic 5/23 1.5 ” 
Caremonia 

Carcinoma of lung = S/4 » 7 

8/18 2 125 

Bronchogenic S/1 25 9 
earemMoma 

Bronchogenic 8/1: | 95 
carcinoma 

Bronchogenic 8/1 2 2.9 
carcinoma 

Carcinoma of S/6 5 | 
breast 

Carcinoma of 8/5 » | 
breast 

Carcinoma of S/6 l 7 
breast 

Carcinoma of S/6 0.5 1 
breast 

Carcinoma of 8/6 1.5 4 
breast 

Carcinoma of S/6 ] 9.5 


breast 


CONT 'p 


VP ase a 
rubin, 0.1 C 


mg, 


S5 


OTHER FINDINGS 


i, 203 


bili 
~: alkaline 


phosphatase, ows 


2 plus [2 ., 62 A, 2.4 
t plus 

Ne v 

Neg. \eid) phosphatase 
Neg. 

Neg. 


2 plus 


* plus a ae. #98: A. 


4 plus 


2 plus 


Neg. 


Neg. 


de Ht): 


12 U 


9 59 
oe 


G, 
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TABLE VIII.—ConrT’p 


PA- DATE 


TIENT DIAGNOSIS (1987) | DPT. | TTF. ©.C.F. OTHER FINDINGS 
t. W. Careinoma of 8/13 0.5 1 + 

breast 8/22 1.5 0.5 Neg. 
R.B. Carcinoma of 8/6 1.5 1.5 Neg. 


breast with bone 
metastasis 


DG. Multiple myeloma, 5/28 2 l Neg. cP. 10:62. A, 2.4- GG, 8:2 
p.m.: widespread 7/25 2.5 0.5 Neg. PoP Oo Bs. cee etal 
osseous involve 
ment, liver neg- 
ative 

M. K. Multiple myeloma 6/4 5 2 Neg. ba bee, Boss GeO 

1/20, J Neg. 
M.W. Multiple myeloma 6/4 O09 | Neg Tee Ts BOG Gp 2a 
1/28 05 | Neg. TPs 063 Ag 39's Gy lee 
K.E. Multiple myeloma 6/20 1.5 | Neg. T.P., 8.38; A; 3.97; G, 4.41" 


*None of these presented a Bence Jones proteinuria. 
fBence Jones proteinuria present. 


The small group of four cases of multiple myeloma presents an interesting 
feature insofar as, with one exception—a normal value, all the dilution turbidity 
and thymol turbidity values were low and all the cephalin-cholesterol floecula- 
tions were negative; this is so, irrespective of the total protein and, especially, 
vlobulin levels which in three cases were high, in one low. 

Table [TX summarizes only those cases of congestive heart failure in which 
one or more of the tests were positive. In ten specimens out of fifty-seven 
taken from patients with congestive failure, dilution turbidity and thymol 
turbidity did not conform, eight of them presenting an increased thymol tur 
bidity and normal dilution turbidity, and in fifteen there was an incongruity 
between the thymol turbidity test and the cephalin-cholesterol flocculation. 

Eleven specimens taken from nine patients with active tuberculosis, mostly 
advanced pulmonary tuberculosis, (three of them were included in Table VII 
which reviews liver disease) showed ten positive dilution turbidity tests and 
ten positive thymol turbidity tests, all in the same specimens, and six positive 
cephalin-cholesterol flocculation tests. 

Some cases of special interest are presented in Table X. In accordance with 
the findings of Wertheimer and Stein,™! two cases of subacute endocarditis 
showed increased dilution turbiditiy and, also conforming with their findings, 
a cold fraction was present in these sera. Carter and Maclagan?! also have 
reported on the positivity of the thymol turbiditiy test in this disease. Liver 
damage, though, is hardly to be ruled out in subacute bacterial endocarditis. 
Positive liver tests have been reported in infectious mononucleosis by several 
authors.*2)?% It seems worth while emphasizing the increased values in the 
three patients with atypical pneumonia examined, a finding which we have not 
encountered in the few patients with other types of pneumonia examined. We 
intend to follow up this finding in an adequate series of atypical pneumonias. 
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TABLE IX. CONGESTIVE HEART FAILURE 


DATE 
PATIEN' DIAGNOSIS 1947 DTT. ay whe C.C.F. OTHER FINDINGS 
C.. B. RHD* 0/26 2 5 Neg. Bilirubin 14 mg. % 
7/7 l 3 Neg. 
Cc. Ss RHD, hyper 6/23 2 s fplus T.P.. 7.6; A, 28; G, 48 
tension 7/25 ” SS 5 plus BSP 49% left after 45 min. 
ae 2 RHD, chronie 8/20 0.5 BS * 
nephritis v/s 1.5 2 2 plus 


1. 1.5 Neg. 


C. W. RHD; p.m.: 1/20 1.5 2.0 Neg. 
nutmeg liver 8/1 2 3.5 3 plus 


8/18 l } Neg. 
S 


VW/3 2 ho) 1 plus 
9/12 3.5 Neg. 


9/26 2 3 | plus 


E. MeC. RHD; p.m.: S/15 2 D plus T.P., 6:9; A, 4.8; G, 2. 
chronie passive J/o z 5 es } plus 
congestion, duo 


denal uleer 


a. D. RHD 8/25 ’ wy Ne 
10/15 > 7 Neg 


JQ 


bf) 


J.S. RHD 8/29 2 2 2 plus 
B. S. RHD: pulmonary 8/29 1.5 6 1 plus Bilirubin 1.0 mo. &% 
infarction 9/17 3 15 Neg. 


2 plus 


G. S. RHD 9/29 7 S 2 plus 


R. B. ASHD,+ RHD 6/2 2 3D 2 plus 
M. T’. HCVD,t diabetes 7/11 0.5 D Neg. 


S/18 2.5 j Neg. 
LR. ASHD 8/25 1.5 1.5 Neg. silirubin 3.38 mg. % 
Q/S8 | 2 1 plus 


D. G. AHCVDS§ 9/5 2 6 Neg. 
M. B. ASHD 9/8 25 1.5 2 plus 
EK. S. AHCVD 9/9 5 oe) Neg. 
i “T. AHCVD, diabetes 10/1 3:5 1 ? plus 
J. G. AHCVD, diabetes 10/15 5 S ! plus 


4. M. Congenital heart 6/16 95 5 Neg 


disease 


*Rheumatic heart disease. 

rArteriosclerotic heart disease. 

tHypertensive cardiovascular disease. 

$Arteriosclerotic hypertensive cardiovascular disease 


A group of eleven cases of rheumatoid arthritis presented a high propor 
tion of positive dilution turbidity and thymol turbidity tests. From this point 
of view the disease is the subject of a study at the present time. 
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TABLE X. MISCELLANEOUS DISEASES 


PA- om DATE 


TIENT DIAGNOSIS (1947 )| pD.t.7. pra C:CF. OTHER FINDINGS 
i, es Subacute bacterial 5/26 8 20) Splus 2 plus cold fraction 
endocarditis 
Lane ie Subacute bacterial 6/4 3 8 Neg. 1 plus cold fraction 
endocarditis 6/18 3.0 5.5 Lplus Slight eold fraction 
(eas 2 5 Neg. No eold fraction 
E. E. Subacute bacterial 6/16 3 } Neg. No. eold fraction 
endocarditis 2? 
D. F. Infectious mono 9/1] 3 5 
nucleosis 9/17 | t) 2 plus 
9/26 t H + 
B. B. \typical pneu 10/15 7 v splus Cold agglutination 1:84 
monia, RHD* 10/31 8 1] 3plus Cold agglutination 1:250,4 
i: 3. Atypical pneu 7/14 t 8.5 2? plus 
mona 
S. L. Atypical pneu 7/9 1] 1] f plus 
monia t t 
7/16 10 14 t plus 
M. C. Boeck’s sareoid, 7/9 S 17 t plus 
- liver enlarge 24 24 
ment 
ia Diffuse vascular 7/25 5 9 2 plus 
disease t 
9/8 3 1.5 E pluses TPs 5.932 Aye ti6s (G3-1.3 2) bil 
‘ : s pe 


2 24 rubin, 0.2 


mg. c 


*Rheumatic heart disease. 


Positive flocculation reactions (twenty-four hour reading) are marked plus 
to + plus according to their degree where observed, but in the first few weeks of 
this work insufficient attention was paid to this phenomenon, No statistical ¢on- 
clusions, therefore, are drawn from them. We could not, in contrast to Neefe,** 
observe an advantage of the thymol flocculation test over the thymol turbidity 
test as a more sensitive indicator for liver damage; we found it positive only 
whenever the thymol turbidity was over 4. We made the same observation for 
the dilution flocculation and looked at the flocculation reactions only for their 
confirmatory value. 


DISCUSSION 


The behavior of the dilution turbidity toward NaCl and distilled water 
and toward lipid extraction and addition, respectively, and its negative result 
in tests performed on rabbits’ blood and on immune globulin demonstrate its 
close relationship to the thymol turbidity test. This relationship, furthermore, is 
borne out by the clinical data. We even venture to suggest that a considerable 
part of the precipitation in the thymol turbidity test is due to the diluting 
effect of the distilled water. Certain differences, however (as both the rapid 
leterioriation of the former fraction and a sizable number of discrepancies in 
the clinieal material indicate) make it appear improbable that the respective 
tractions responsible for the two tests are identical; they may overlap, though, 
and be very close to each other. 

In accordance with Reeant, Chargaff, and Hanger,’ Watson and Rappa- 
port,?? Neefe,?* Mateer and co-workers,*° ** Havens and Marek,?® and Cohen 
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and Thompson,” we conclude from our experience that the cephalin-cholesterol 
Hocculation indicates a different serum pattern from the one responsible for the 
thymol turbidity test and, for that matter, for the dilution turbidity test. 

Reviewing the clinical results, a few findings require further comment. 
Among the nine cases in which the dilution turbidity alone was positive, there 
were three in which the thymol turbidity value was 4, a value considered posi- 
tive by Mateer and co-workers;*° one was a case of congestive heart failure, and 
one a probable intra-abdominal malignant tumor. Among the twenty-one cases 
in which the thymol turbidity test alone was positive, four represented malig 
nant diseases, five congestive failure, and five diabetes. Of six specimens in 
which the dilution turbidity test and the cephalin-cholesterol flocculation test 
were positive together, four had a thymol turbidity of 4 and one of 3.5, and 
one was from a patient with a malignant disease. The group where the thymol 
turbidity test and the cephalin-cholesterol flocculation test were both positive 
together (four specimens) is made up of cases of congestive failure and neo- 
plastie disease with the single exception of one case of diabetes. 

Irrespective of these considerations, when summarizing our figures as given, 
it becomes evident that the association of findings of the dilution turbidity and 
thymol turbidity tests is not merely a matter of chance; these two tests are 
positive together in 124 specimens, the dilution turbidity test and cephalin- 
cholesterol flocculation together in 96. Since the standard error of difference 
is 4.95, the difference between both series of findings exeeeds by five and one-half 
fold the standard error of difference. 

The majority of the findings belongs to the group in which all the tests 
were positive. Most diseases, especially those of the liver, which cause pro 
found protein disturbances apparently are able to produce positive tests in 
several groups. In a severe parenchymatous disease of the liver s as infec 
tious hepatitis, the results of most of the valuable liver tests may well be ex- 
pected to be positive, together at the same time or at least following each other 
in different phases of the disease, whether the tests belong to the hepatocellular 
or the cholangiolar type (Watson and Hoffbauer.*’). 

As Cantarow®’ and others have shown, other diseases of the liver are less 
likely to produce a large number of different positive tests simultaneously. 
Hanger has pointed out repeatedly that some cases of malignant diseases of 
the liver, primary or metastatic, usually fail to produce a positive cephalin 
cholesterol flocculation. Watson and Rappaport?’ mention in their table of dis- 
agreements between cephalin-cholesterol flocculation and the thymol turbidity 
test four cases where, on the contrary, the cephalin-cholesterol flocculation was 
1 plus to 2 plus and the thymol turbidity test was negative. 

Congestive failure of the heart may attack the liver in various ways and so 
produce varying functional effects expressing themselves in incongruous results 
of tests.°")*' It is conceivable that in both groups of cases, neoplastic diseases 
on the one hand and the congestive damage of the liver on the other, different 
cell units may be affected in different degrees and ways, and, as for the first 
eategory, the damage might not necessarily be in the liver. 
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The determination of the dilution turbidity and flocculation may prove it- 
self useful for several reasons. It supplies, in our experience, most of the in- 
formation provided by the thymol turbidity and flocculation test; its departure 
from the thymol test may, in addition, turn the attention to one of the disease 
groups mentioned in which this occurs, and it may be helpful in the classifica- 
tion of a case of striking hyperglobulinemia. The dilution turbidity test is 
easily carried out and, after some experience in its use has been aequired, may 


even be emploved as a bedside procedure. 


SUMMARY 


The procedure of diluting serum with distilled water was carried out and 
the resulting turbidity was read photometrically. This dilution turbidity test 
was compared with Maclagan’s thymol turbidity test and Hanger’s cephalin- 
cholesterol flocculation test. 

It was noted that at a dilution of 1:15 the dilution turbidity closely parallels 
the thymol turbidity. 

Experimental evidence confirms this observation of a close relation between 
these two tests; the technique of the procedure, the behavior of the dilution 
turbidity toward water and sodium chloride, its values before and after lipid 
extraction of the sera, its behavior with rabbits’ blood and human immune serum 
vlobulin, and the fact that it floeculates within twenty-four hours when present 
in increased amounts all put the dilution turbidity test beside the thymol tur- 
hidity test rather than the cephalin-cholestero! flocculation test. 

Conforming with evidence obtained by others, a certain difference in 
mechanism between the thymol turbidity test and the cephalin-cholesterol floe- 
eulation test also is confirmed by our experiments and clinical experience. 

There is, however, an obvious difference in the results of the thymol and 
dilution tests In a small number of cases as well as in the experimental results. 
The discrepancies between the two tests as observed in clinical cases usually fall 
into the categories of neoplastic disease, congestive heart failure, and diabetes. 
The serum components responsible for the two respective tests therefore cannot 
he identieal, but may overlap. 

The dilution turbidity test may serve as a simple test apparently giving 
most of the information supplied by the thymol turbidity test. It may, further- 
more, confirm and occasionally modify the result obtained in a thymol test. 


I wish to thank Dr. E. Wertheimer for arousing my interest in this field, Mr. G. Ross 
or his kind help and interest, Dr. L. Leiter, Dr. F. M. Hanger, and Dr. L. Recant for 
aluable suggestions, and the house and laboratory staffs of Montefiore Hospital for their 
ine cooperation. 
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EXPERIMENTAL STUDIES ON THE INTRAVENOUS INJECTION OF A 
FAT EMULSION INTO DOGS 


H. C. Mena, M.D., Pu.D..* anp Smira FReeMAN, M.D... Pu.D. 
CHICAGO, [ur 


T IS important to be able to provide complete parenteral nutrition for human 
beings. To accomplish this it seems necessary to have a stable, nontoxie fat 
emulsion suitable for administration by vein. The literature contains numerous 
reports’ recording the efforts of other investigators in this direction. From 
studying these reports it is apparent that none of the emulsions thus far pre- 
pared is entirely free from toxie effects.°°? Emboli, anemia, or liver damage ap- 
pear to be the most common complications arising from the injection of intra- 
venous fal 
The following is an account of our most successful experiences in attempting 
to prepare a stable, nontoxie fat emulsion suitable for intravenous use. 


EXPERIMENTAL PROCEDURE AND RESULTS 
The problem may be divided into three parts: (1) preparation of a uniform, 
stable, finely divided fat emulsion, (2) a study of the physiologic effects of the 
emulsifying agents and of the complete fat emulsion, and (3) evidence eoncern- 


ing the utilization of fat contained in the emulsion. 


Preparation of a Uniform, Stable Fat Emulsion. 
The emulsifying agents studied included Tweens, Spans,tS soya bean phosphatides,} 


mono- and diesters of glycerol, phosphate esters of long-chained hydroearbon alcohols, gums, 


75 


plasma, and bile salts. 


Many substances were tried alone or in combination with one another. The oils used 


were coconut, corn, or butter oil. The fat-soluble agents were dissolved in the fat and the 


water-soluble substances in water prior to mixing the water and oil together. Dextrose, 


Karo svrup, or dextrins were also dissolved in the aqueous phase in some instances. Pre 


minary studies on emulsification usually were made with a hand homogenizer. If these 


experiments appeared promising as judged by the particle size and ease of emulsification, 


larger batch of material was emulsified by means of a Cherry-Burrell Viscolizer.§ 


The following procedure and substances were finally adopted as vielding a satisfac 


tory emulsion containing a minimum of emulsifying agents. Fresh, sweet butter was 


melted and the oil separated by centrifugation, after which it was washed three times 


ising four volumes of hot distilled water for each washing. Five grams of Span 20 and 4 


Gm, of pure soya phosphatides (Asolectin) were added to every 100 Gm. of butter oil 


From the Departments of Physiology and Experimental Medicine, Northwestern Univer- 
ty Medical School. 
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; tPurified Soya Phosphatides, <Asolectin, a product of Associated Concentrates, Ine., 
tlanta, Ga. 
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uif., for the funds used to purchase the Viscolizer. 
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The mixture was heated and mixed on a steam bath until dispersion was complete. One 


of sodium cholate* were dissolved in sufficient water 


hundred grams of dextrose and 1 Gm. 
to make 883 ml. of solution. The butter oil and dextrose-cholate solution were then stirred 
together and poured into the homogenizer. Usually 10 to 15 liters of emulsion were pre 
pared at one time. This amount required four to five pounds of butter. 

The mixture was passed through the Viseolizer five times at a pressure of 8,500 to 
4,000 pounds per square inch,+ At the end of this procedure the milky white emulsion was 
filtered through gauze into 500 ml, Erlenmeyer flasks (400 ml. to a 500 ml, flask) and the flasks 
were stoppered with cotton. The flasks of emulsion were autoclaved twice within twenty 
four hours at 10 pounds pressure (113 to 114° C.) for ten minutes. Part of each batch was 
incubated for forty-eight hours at 37.5° C., and 1 ml. was added to fluid thioglycollate 
broth and cooked meat broth media. The inoculated media were incubated for forty-eight 
hours, then streaked on blood agar plates and incubated aerobically and anaerobically. 
The bacteriologie tests were negative when the emulsion was sterilized as described.} The 
pH of the emulsion after autoclaving was 6.3 to 6.5. The flasks of emulsion were then 
stored at room temperature till used. The particle size of the emulsion, measured by means 
of an objective micrometer, ranged from 0.5 to 2 uw in diameter and was quite uniform. 
Emulsion allowed to stand for two months or more in the laboratory showed little change 
in gross or microscopic appearance. Freezing and thawing cause a large portion of the fat 
to separate from the emulsion. Some increase in particle size and a tendency to cream result 


from long standing. 


TABLE I 
GM./ KG. | CAL, /KG. 

CONTENTS BODY WT. BODY WT. | Yo CALORIES 
Sucrose 11.1 15.4 19.0 
Casein 4.4 18.04 19.4 
Yeast 0.9 
Cellophane 0.9 
Salt mixture* 0.4 
Lard 332 29.3 31.6 
Total 20.9 92.7 
Vitamin A 250 units 
Vitamin D 36 units 


*Wesson’s salt mixture® was used in all the synthetic diets. 


The effects of the emulsifying agents were studied by preparing emulsions identical 
in every respect with those just described except that they contained no butter oil. The 
acute experiments were carried out on dogs under Nembutal anesthesia. The longer term 
feeding experiments were done on animals that had been dewormed and had undergone 
preliminary observations in the laboratory for several weeks prior to use. These animals 
were confined in cages which permitted a quantitative collection of urine. Fifty milli 
liters of 15 per cent (by volume) hydrochloric acid and 1 ml. of 10 per cent thymol solution 
in 95 per cent alcohol were used as preservatives, and urine was collected for a three-day 
period weekly during experimentation. 

The partly synthetie diet (Table I) supplying ninety-three calories per kilogran 
per day was fed to all animals on metabolic experiments during the control period. A low 
carbohydrate diet (Table II) was fed to the dogs injected with emulsifying agents (in 10 
per cent dextrose), while the fat injected animals received a fat-free low carbohydrate 
diet (Table IIT). However, the animals received isocalorie diets throughout the experi 
mentation. 


*Prepared from cholic acid obtained from G. H. Breon & Co., Inc., Kansas City, Mo. 

+During homogenization the temperature of the solution rises from 25° C. to approximate 
ly 45 to 50° C. 

tThe tests for sterility were performed by Dr. Evelyn B. Tilden of the Bacteriology De 
partment of the Dental School, Northwestern University. 
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TABLE LL. Low CARBOHYDRATE DIET 





M./KG., CAL. /KG. 

CONTENTS BODY WT. BODY WT. Yo CALORIES 
Sucrose (be i geno 19.0 
Casein 4.4 18.0 19.4 
Yeast 0.9 
Cellophane 0.90 
Salt mixture 0.42 
Lard cl 29.3 31.6 
Total 16.6 79.8 


Vitamin <A 
Vitamin D 


250 units 
36 units 


*3.146 Gm. per kilogram as dextrose were given by vein, furnishing 12.9 calories. 


In the longer term 
sides on a canvas frame, 


week through a 21 gauge 


experiments the animals were injected while secured on their 
The emulsion or emulsifying agents were injected six days pet! 


needle into the veins of alternate legs. A rate of approximately 


1.5 ml. per minute for a dog weighing 12 


2 kilograms was used in all experiments. Sterile 





precautions were observed insofar as this was possible. Injection was by means of 4 


plastic tubing secured in the external jugular vein in some instances. 


TABLE ILI. Fat-FREE LOW CARBOHYDRATE DIET 


GM./KG, CAL, /KG. 

CONTENTS BODY WT. | BODY WT. Y CALORIES 
Sucrose 7.93" 32.9 $9.0 
Casein 1.4 18.0 19.4 
Yeast 0,902 
Cellophane 0.90 
Salt mixture 0.42 
Lard ‘ 31.6 
Total 50.5 
Vitamin <A 250 units 
Vitamin D 36 units 


*3.146 Gm. per kilogram body weight as dextrose and 3.146 Gm. per kilogram body weight 
as fat were given by vein, furnishing 42.2 calories. 


Immediate Effects of Injection of the Emulsifying Agents or Fat Emulsion 
mm Dogs.—The effects of infusing the emulsifving agents or fat emulsion on the 
arterial blood pressure and on the flow of thoracie duet lymph, hepatic bile, and 
urine were determined.* After a one-half to one hour contro] period infusion 
was begun and continued at the rate of 0.12 ml. per kilogram per minute for the 
next four hours, after which observations were continued for another hour or 


onger. Table IV summarizes the results on dogs that received the emulsifying 


ivents (three dogs) or the fat emulsion (five dogs). Blood pressures are not 


ncluded for in no instance were they altered in either group of dogs. Bile flow 


*The procedure for these measurements was briefly as follows: An animal was anes- 
etized with Nembutal (1 grain for every 5 pounds) and secured on his back. A mercury 
inometer was connected with the left carotid artery by thick-walled rubber tubing and a 
ass cannula filled with citrate solution. Through a right rectus incision the common bile duct 
is exposed and cannulated and the cystic duct ligated. A small bore rubber tube was con- 
ected to the cannula and brought to the outside by means of a stab wound in the right side. 

The thoracic duct was exposed in the left supraclavicular fossa and cannulated, after which 
e lymph was collected in test tubes containing a small quantity of potassium oxalate. 
he ureters were cannulated at the brim of the pelvis and urine was collected from small bore 

bber tubes attached to the glass cannulas and exteriorized through perineal stab wounds. 
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TABLE IV. Errect oF Fat EMULSION AND OF EMULSI 


PERIOD OF COLLECTION 





RELATION DURATION OF DOG 861 poG $71 poG 881 DOG S82 
TO COLLECTION BILE URINE BILE URINE BILE URINI BILE I 

INJECTION (MIN. ) (C.C. ) (4G. (iC. CC. (C.C. ) ‘Cok oR (CO. ) 
Before 30 2.5 6.6 0.8 2.4 2.2 a 1.2 
During 30 25 5.0 1.8 1.6 2.4 2.2 2.4 
During 30 0) 52 2.2 2.9 Py LB 2.9 
During 60 8.9 9.2 fee 8.0 8.5 2.5 6.3 
During 60 8.0 11.0 3.4 14.0 8.7 3.5 6.6 
During 60 10.2 22.8 3.0 12.7 BR 1.8 eg 
After 30 3.5 5.4 0 2) 3.1 (0) 3.0 
After 30 0 (0) 0 0 1.6 () 26 
After 60 0 () 0) 0) 0 0) - 
After 60 0) () 0 () 0 0 5 

0, No flow: , not measured. 


was increased to a similar degree in both groups. Urine secretion varied con 
siderably showing an initial decline followed by a rise and a second fall. The 
changes in urine flow were similar for both groups of dogs and neither a diuretic 
nor an inhibitory effect of the emulsions was demonstrated over the four-hour 
period of injection. The urine voided during the period of injection contained 
no protein or blood. The flow of lymph from the thoracie duct was increased 
by both the emulsifying agents and the fat emulsion and by 10 per cent dextrose. 
The extent of increase of lvmph flow was similar in the various groups of animals. 
The results are shown in Table V.) The lymph did not become bloody in any 
instance as a result of these infusions. 

The determination of lvmph lipids was also carried out on three dogs in 
jected iniravenously with the fat emulsion. Total fatty acids were estimated 
by the method of Smith and WKik,'® and phospholipids as described by Youne 
burg and Youngbure'’; total cholesterol was estimated according to Hoffman,’ 
and the phosphorus method of Gomori’ was used for developing the color. In 
one experiment the emulsifving agents did not increase the concentration of fat 
in the thoracie duct lymph. In two experiments the concentration of fat in the 
lymph increased after fat injection. The lvmphagogue effect of these solutions 
confuses interpretation of the increased total output of fat in the lymph ob 
served in these experiments (Table VI). 


The Effect of Repeated Injections of the Emulsifying Agent or Fat Emul 
sion on dogs: 

Methods of chemical determination: 

The nitrogen content of urine and diet was determined by Kjeldahl’s method moditie: 
by Ma and Zuazaga.14 The nitrogen content of feces was caleulated as 12 per cent of the 
urinary nitrogen excretion based on the previous experimental results.? The nitrogen balanct 
in the three-day period was estimated. 

The total plasma proteins were determined by the method described by Hawk an 
sergeim!5 after digestion according to the method of Koch and Me Meekin.16 

The rese bengal dye clearance test of Stowe, Delprat, and Weeks!7 modified by Houg 
and Freeman!8 was used. Tle serum phosphatase was determined by Bodansky’s method, 
and the determination of phosphorus was by Gomori’s modification!’ of Fiske and SubbaRow’ 
method.20 

Benedict’s qualitative method was used for urinary sugar. The qualitative test f 


utinary albumin was carried out by heating. Blood hemoglobin was determined by Sahli’ 
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GENTS ON URINE AND BILE FLOW; ACUTE EXPERIMENTS 
pog SS&d AVERAGI DOG S95 DOG S9B DOG SOT AVERAGE 
| BILE URINE BILE URINE BILI URINI BILI URINI BILI URINE BILI URINI 
C.C (O.C.) '‘CL.) (C.C..) 7 {(C.C.) (C0. ‘Co.o..) {O05 bee €:.€. 3 ae | Cie) 
| 25 5.1 1.85 1.44 i2 1.8 3.1 3.4 O.8 3.1 1.70 2.80) 
9.4 3.8 B40 00 1.9 1.1 1.7 Bat La 25 St 210 
95 3.0 2.70 3.00 eg 0.9 Dl 2.4 1.4 Bet Zhe 2.00 
5.4 Pe 6.50 6.90 Sot 9 11.8 $0) 9.4 Guha d.45 
6.5 9.8 ).80 9.96 ee 1.9 PAY s 5 es 6.40 3.é2 
6.5 Dot 8.00 10.14 Del 1.9 1.20 6.0 3.5 3.8 O.S7 3.90 
Ss O04 3.20 Berl, PAR 0 3.8 3.0 1.6 7 JQOe L.2a 
»() ) 210 () 1.8 ) 2 6 3 Y 1.2 14 b.27 » OQ) 
() fy) i} 2.4 O.4 9.4 ary 1.0 Dect 1.93 3.47 
} ) () ) ) () () () OLS og () ) 
method, Red and white blood cells were counted in the accepted manner and the hematoerit 
was obtained by centrifuging the oxalated blood in a hematocrit tube for half an hour at 


2,500 revolutions per minute, 
The effects of daily infusion of the emulsifying agents or fat emulsion on hematologic 


changes, body weight, nitrogen balance, liver function, total plasma proteins, and plasma 


nonprotein nitrogen were followed. The same studies were also carried out for two to four 


veeks prior to the injections. Animals were sacrificed at the end of four-week injection 


periods for histologic study. 


Hematologic observations: In Table VII are shown the results on one dog 
given Span 20 alone and three dogs given the complete mixture of emulsifying 
All dogs received an isocalorie intake during both control and injection 
(See Tables I] and IT.) 


slight 


agents. 
periods, The three dogs that received the emulsify ing 


agents showed a apparent decrease in hemoglobin, red cel] count, and 
hematoerit at the end of the third (Dogs 4A and 4B) and fourth weeks (Dog 
4(") of injection. 


slightly elevated in two out of the three animals ( Dogs +4 and 4B) 


The white cell counts for the last two weeks of injection were 


ive dogs were given a partly synthetic diet (Table [) by mouth for two 


weeks. Following this, the dogs were given an infusion of 10 per cent fat emul- 
sion with 10 per cent dextrose to give 3.15 Gm. of fat and of dextrose per 
dlogram per day intravenously and a fat-free low carbohydrate diet (Table IIT) 
v mouth. The total calorie intake remained the same during infusion as in 


the control periods. The hematologic findings are shown in Table VIII. One 


] 
190 


in this group (Dog 9) had a slight drop in hemoglobin at the end of the 
ast week of fat emulsion injection, while four animals showed no tendeney to 


nemia during the four weeks of injection. 


Body weight and nitrogen balance: Six dogs were used in this experiment. 
'hree animals (Dogs 9A, 9B, and 9(C) were given an adequate synthetie diet 
Table 1) for four weeks followed by a low carbohydrate diet (Table IT) plus 
e emulsifying agents in 10 per cent dextrose solution by vein for four weeks. 
7, 8 and 9) 


followed by a fat-free low carbohydrate 


The other three animals (Dogs were given the same ade- 
late synthetic diet for three weeks 
et (Table IIT) plus 10 per cent fat 


ously, 


emulsion in 10 per cent dextrose intrave- 
All six dogs showed a gain in body weight during the period of injee- 
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tion. The nitrogen balance was positive throughout the injection period, as it 
was during the period of control observations for both groups of dogs. These 
results are shown in Figs. 1 and 2. 
1705 
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Fig. 1.—Showing a nitrogen retention (columns) and gain in body weight during daily injec- 
tions of emulsifying agents similar to those during the control periods. 
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Fig. 2.—Showing a nitrogen retention (columns) and gain in body weight during periods of 
daily injections of the fat emulsion similar to those during the control periods, 
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AGI 
TABLE VI, Errect OF Fat EMULSION AND OF EMULSIFYIN( EM 
\ 
PERIOD OF COLLECTION DOG A DOG Bb 
DURA- TOTAI TOTAI TOTAL TOTAT | 
TION FATTY CHOLES PHOSPHO FATTY CHOLES r= 
OF ACIDS PERO! LIPIDS ACIDS rEROI : 
RELATION COLLEC- CON, OUT CON, Ou CON. OUT CON. ouUT CON, ol of 
ro TION (MG. PUT (MG. PUT (Ma. PUT (MG. PUT (MG, I’ 0 
INJECTION (MIN, o/ (MG. % ) (MG. a (MG. ) oy (MG.) % ) (MG m 
¢ c ¢ oy 
Before 60 O76 be 105 7.8 150 11.1 127 85.4 143 28.6 |! 
During 60 {84 61 122 16.0 160 20.0 534 13] 125 20.6 » 
During 60 233 8 ‘pe 14.2 105 21.6 762 244 119 38.1] ») 
During Q() 298 107 6 93 (0) 108 39.0 844 634 192 92 4 >: 
After 60 bA4Y 77 67 14.8 117 25.8 134 80.4 2 
After 60 342 tS 6u Q.7 120 16.8 907 643 148 105 
After 90) 512 62 69 13.8 122 94.4 785 S00 153 15 


*Phospholipids were obtained by multiplying phosphorus by 25. 


TABLE VII. HeMatro.Logic Errcr or INJECTING EMULSIFYING AGENTS ALON} 


BLOOD 


HEMATO 
PRO AMOUNT GIVEN HB. CRIT 
DOG | CEDURE | WEEK DIET IV. GM.%) R.B.C. W.B.C. (% 
Control l Normal 16.0 7.30 9.450 51 
2 synthetic 15.5 6.48 10.300 1] 
diet 
3 Span i) Low earbo- 360 ee. 15.0 6.68 14,450 51 
2 hydrate 0.5% in 10% 15.0 6.80 15,300 QQ 
3 diet dextrose daily 15.0 6.12 16,400 $4 
} 16.8 7 14 17.900 
Control ] Normal 14.0 6.10 13,300 10.4 
2 synthetic 14.5 6.35 11,200 10) 
diet 
$A Emulsi 1 Low earbo- B80 &.e. 15.0 6.38 14,500 ] 
fying 2 hydrate 1% in 10% 14.8 5.96 14,800 10) 
agents 3 diet dextrose daily 12.0 $.62 18,150 35.0 
} 12.0 1.64 20,400 9 
Control l Normal 15.8 6.63 16,000 1] 
2 synthetic 16.2 6.90 13,000 13 
diet 
t{B Emulsi ] Low earho 115 ¢.e. 16.5 6.68 13,800 44 
fying 2 hydrate 1% in LO0% 16.5 6.67 14,600 12. 
agents ; diet dextrose daily 14.5 5.76 19,400 38D 
1 14.0 5.42 17,650 40) 
Control 1 Normal 16.5 6.56 16,800 5.5 
2 synthetic 16.5 6.40 15.000 15 
diet 
iC Emulsi- | Low earbo- 460 e@.e. 17.0 6.76 18,800 $4.5 
fying 2 hydrate 1% in 10% 16.2 6.25 16,000 $4.5 
agents 3 diet dextrose daily 16.5 6.26 19,000 14.5 
4 15.5 5.83 17,950 $1.5 
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rs ON Lipip CONTENT OF THORACIC Duct LYMPH 
SION 
DOG C 
TOTAL TOTAL 
ISPHO FATTY CHOLES PHOSPHLO 
PIDS ACIDS TEROI LIPIDS 
oul CON, OUT CON. OUT CON. oul 
PUT (MG. PUT (MG. PUI MG. PUT 
(MG. Cf MG Y (MG aA MG 
$5.6 312 5) 7) At f S5 14.8 
50.3 266 27 S6 64.5 110 Ro. 5 
63.1 137 1S4 3 S48 104 13.6 
167 t44 138 SS 26.4 121 31.0 
146 628 136 4 19.7 3] 27.9 
183 680 130 97 18.9 TSO 34.2 
250 S00 POG Q() BT Yen 195 tip 
TABLE VIII. HemMatro.togic Errecr 0% 
PRO AMOUNT GIVEN 
DOG CEDURE WEEK DIET BA 
Control l Normal 
2 synthetic 
diet 
l Kat in I Kat-free 331 @.e. 
jection 2 low CHO 10% fat in 
3 diet 10% dextrose 
i daily 


Control 


2 Fat in 
jection 


Control 


“at in 
jeetion 


Control 


] Normal 


2 svnthetie 
diet 
1 Fat-free 328 @.e. 
9 low CHO 10% fat in 
3 diet 10% dextrose 
t daily 
1 Normal 
2 svnthetie 
diet 
l Fat-free 570 c.e. 
2 low CHO 10% fat in 
o diet 10% dextrose 


| daily 


I Normal 


2 svnthetie 
diet 
8 Fat in- l Fat-free 10S ¢.e, 
jection 2 low CHO 10% fat in 
4 diet 10% dextrose 
} daily 
Control 1 Normal 
2 synthetic 
diet 
9 Fat in- ] Fat-free 363 @.e. 
jection 2 low CHO 10% fat in 
< diet 10% dextrose 
f daily 


*The total fat injection for each dog was as follows: 
Gm. 


ge 7, 1,308 Gm.; 


Dog 8, 979 Gm.; Dog 


9, 871 


I 


EMULSION INTO DOGS 
EMULSIFYING 
poc Z 
TOTAI TOTAI 
FATTY CHOLES 
ACIDS TEROI 
CON, OUT CON, oul 
MG. PUT MEG. rein 
y// MG 4 {G 
1730 344 100 r() 
1216 PS) S() 18.4 
S24 247 78 23.4 
140 360 63 51.6 
328 P06 D4 34.0 
258 106 ee 93.4 
268 139 oO 28.6 
At EMULSION INFUSION 
BLOOD 
HG, 

iM.% R.B.¢ W.B.C, 
BD Doo 9.450 
16.0 6.90 13,150 
16.0 6.37 17.650 
16.0 6.79 15,650 
16.0 6.40 19,250 
16.2 6.78 18,550 
14.5 6.18 8.900 
15.0 6.40 13,750 
15.0 6.41 14,500 
15.0 6.54 13,500 
15.5 6.73 13.000 
16.4 7.01 12,200 
16.0 6.52 18,000 
15.3 6.53 17,000 
16.0 6.63 20,000 
rao 6.02 11,750 
16.0 6.32 18,000 
15.2 6.25 10,600 
16.2 6.79 16,000 
17.0 7.76 12.700 
17.0 7.24 9,300 
16.0 6.56 7.500 
16.0 6.11 13,350 
bd 6.37 11,500 
16.8 7.29 25,000 
ica 7.58 16,450 
| - Tak 16.300 
17.0 7.02 16,250 
16.5 6.50 15,000 
14.0 6.09 19,750 


Dog 1, 714 Gm.: 


Dog 


697 


AGENTS 


PHOSPHO 


LIPIDS 

CON. oud 
MG PUT 
Of (Me 

QS 19.6 
141 52.4 
111 5-4 
SS 12.1 
103 68.0 
117 18.0) 
+ tS.4 


HEMATO 


CRIT 


i) 
0 
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Blood chemistry and liver function: There was no change in total plasma 
protein or in plasma nonprotein nitrogen in animals infused either with emul- 
sifying agents or fat emulsion (Tables IX and X). There was no evidence of 
liver damage as judged by the rose bengal clearance test and by serum phos- 
phatase determination in either group of dogs (Tables [IX and X). One dog 
(Dog 9) showed a slight elevation of serum phosphatase. The urinary albumin 


and sugar tests were all negative throughout. 


TaBLE IX. Errecr or INgeEcTION OF EMULSIFYING AGENTS ON LIVER FUNCTION, PLASMA 
PROTEINS, AND NONPROTEIN NITROGEN 


TOTAL | 
PLASMA ROSE | SERUM 
PRO PLASMA | BENGAL | PHOS 
PRO AMOUNT GIVEN TEINS N.P.N. CLEAR PHA 
DOG | CEDURI WEEK DIET LV. GM.% ) MG.% ) ANCE TASI 
Control 1 Normal 
az svnthetic 5b1 Ae Be f 100 DSO 
diet 5.80 97.9 107 5.52 
QA j 5.78 99,0) 100 5.45 
Emulsi 9 Low CHO 380 e.e. 5.80 SEZ 109 2.20 
fying j diet 1% in 10% 6.16 35.2 112 9.55 
agents dextrose daily 
Control l Normal 7.30 30.0 119 2 75 
2 svnthetic ‘Peat 30.3 109 A 4 
3 diet 7.39 32.4 109 173 
9B | 7.23 36.0 106 1.88 
FE mulsi- 2 Low CHO $15 e.e. 6.97 27.0 119 1.30 
fying } diet 1% in 10% 7.09 37.1 126 1.45 
agents dextrose dailv 
Control Normal 6.78 27.1 113 2.06 
2 svnthetie 6.90 32. 100 9 64 
3 diet 6.65 28.8 106 2.69 
gC 4 7.34 35.0 109 2 30 
Emulsi 2 Low CHO 160 c.e, 7.05 95.2 115 1.3 
fving { diet 1% in 10% 7.31 30.0 118 1.66 
agents dextrose daily 


Post-mortem examination at the end of the four-week injection period for 
dogs infused both with emulsifying agents and fat emulsion demonstrated no 
gross abnormalities. Microscopically, Dogs 9B and 9C showed normal structur 
of liver and kidney, and no inerease in fat deposition in these organs was demon 
strated. In the fat injected animals, both Dogs 7 and 8& showed normal 
lungs, and no abnormalities were observed in the liver and kidney sections of 
Dog 8. However, in Dog 7 stainable fat granules were present in the liver 
and Kupffer cells, especially in the periportal areas. In the kidney section of 
this dog there was a diffuse, faintly positive fat stain in the eytoplasm of th 
distal convoluted tubules. No globules of fat were demonstrated in the glomeruli 
The hematoxylin and eosin stained sections of this kidney revealed an oceasiona! 
mass of pink material compressing the glomeruli and occupying a portion of the 
space within Bowman’s capsule. No similar material was found elsewhere in 
the kidney. 
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Tanne NX.) Erreer or LNJECTION OF Fat EMULSION ON LiveR FUNCTION, PLASMA PROTEIN, 











AND NONPROTEIN NITROGEN 
TOTAL 
PLASMA ROSE SERUM 
PRO- PLASMA | BENGAL PHOS 
PRO- AMOUNT GIVEN TEINS N.P.N. CLEAR- PHA 
DOG CEDURE | WEEK DIET 1.V. GM.% ) MG.% ) ANCE TASE 
Control ] Normal 5.88 32.! 114 1.70 
2 synthetic = 
3 diet 0.64 32.4 107 1.70 
7 Fat in 2 Fat-free 570 e.e. 5.64 34.8 102 
jection { low CHO 10% fat in 5.96 26.2 117 2.94 
diet 10% dextrose 
daily 
Control ] Normal 5.97 dot 107 0.83 
2 svnthetic 
3 diet 6.24 30.1 102 1.24 
Ss Kat in 2 Fat-free LOS coe, 6.17 31.8 L106 
jection 1 low CHO 10% fat in 6.16 29.2 105 2.29 
diet LO% dextrose 
daily 
Control ] Normal Ge pL Oat | 115 2 62 
2 svnthetic 
3 diet 578 26.0 120 2.14 
i) Fat in 2 Fat-free 363. @.e. 5.82 30.7 126 
jection low CHO 10% fat in 5.90 25.7 113 4.16 
diet 10% dextrose 
daily 
Not determined. 
w 
1807 
oN 
& 
Or 
By) 
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Fig. 3.—Showing the average increase and rate of removal of fatty acids from the 
frum of two dogs (Dogs Mi and Mz) injected repeatedly with a 10 per cent fat emulsion 
iverage of all the fatty acid data in Table XI). 


The rate of disappearance of intravenously injected fat: The fasting serum 
pids and the rate of fat disappearance following single and repeated injec- 
ions were also determined. Total serum fatty acids, cholesterol, and phos- 
holipids were estimated using the methods described for the lymph lipids. 
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Two dogs (Dogs M1 and M2) were given daily intravenous injections of 
fat emulsion for two weeks. The amount of tat emulsion given was based on 
body weight, as was that for the dogs under nitrogen balanee study, and the 
general stock diet was fed ad libitum. Serum lipids were determined during | 
the first day and at the end of the first and second weeks of injections. The 
total fatty acids concentration of the serum was markedly increased during fat 
injection. The increase declined as soon as the injection was discontinued or 
shortly thereafter and returned to normal within seventeen hours. The elevation 


TABLE XI.) Errectr or REPEATED INJECTIONS OF Far EMULSION ON SERUM LIPIDS 


SERUM LIPIDS MG. % 





rOTAL FATTY ACIDS rOTAL CHOLESTEROI PHOSPHOLIPIDS } 
END OF END OF END O| END OF END OF END O 
FIRST | 1ST WK.|3RD WK.| FIRST IST WK.) 3RD WK.) FIRST IST WK./3RD WK 
rIME OF BLOOD | INJK¢ OF IN OF IN INJE OF IN OF IN INJEC OF IN OF 
DOG SAMPLING PION JECTION |) JECTION TION JECTION | JECTION TION JECTION | JE¢ 
Before injection 654 167 $44 247.5 208.0 165.6 3O0) 270 295 
First hour dur 1212 R875 Q60 997.5 196.0 155.2 376 PR) »4 
ing injection 
Second hour dur- 2192 1260 1432 230.0 200.0 160.0 11D 276 210 
ing injection 
End of injection 9411 L686 2006 241.0 997.5 165.5 138 312 2()5 
M1 First hour after 183] 1625 247.0 995.0 175.2 145 2O8 958 
injection 
Second hour 1122 S06 1323 228.0 214.0 73.2 388 307 225 
after injection 
Fourth hour 765 519 857 200.8 210.0 165.6 299 307 177 
after injection 
Next morning 618 366 528 201.8 195.0 156.0 2929 260 D5 
Before injection 664 D07 p02 218.8 250.0 215.2 336 350 182 
First hour dur- 1192 SSO) ROS 192.8 236.0 206.4 POS 3°) 168 
ing injection 
Second hour dur- 1920 112] 1332 212.0 241.5 212.0 346 328 
ing injection 
End of injection 9527 1376 1502 298.0 260.5 999 () 387 370 7 
M2. «First hour after 1791 S24 1409 226.0 241.5 228.0 357 362 7 
injection 
Second hour 1577 635 1323 220.0 9234.0 994.0) 340 362 193 
after injection 
Fourth hour 1241 j24 1372 206.8 932.0 PH BR t 350 328 
after injection 
Next morningt 568 394 521 206.8 2271.0 199.2 357 319 
*Three to four hours. 
tAbout seventeen hours after previous injection was discontinued. 
tPhospholipids were obtained by multiplying phosphorus by 25. 
of serum phospholipids which occurred toward the end of injeetion was slight 





but consistent. The serum total cholesterol demonstrated an initial fall at the 
end of the first hour during injection, after which it was increased toward the 
normal level or slightly above. The second fall oceurred one hour or so 
after injection was discontinued. The results are shown in Table XI and Fig. 3. 

Another two animals (Dogs R and H) were given a single intravenous injec 
tion of fat emulsion. The serum lipid changes were essentially the same as 
those of Dogs M1 and M2. When the same animals (Does R and H) were given 


a single injection of emulsifying agents alone (no fat) only a slight change it 
serum lipids occurred. (Table XII.) 





I= 
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rabLeE XII. COMPARISON OF THE EFFECT OF Fat EMULSION AND OF EMULSIFYING AGENTS ON 
SERUM LIPIDS 


FAT EMULSION EMULSIFYING AGENTS 
TOTAL TOTAL POTAL TOTAI 
FATTY CHOLES PHOSPHO FATTY CHOLES PHOSPHO 
TIME OF BLOOD ACIDS TEROL LIPIDS} ACIDS TEROI LIPIDS 
DOG SAMPLING (MG.%  ) (MG.% ) (MG.%) (MG.% (MG.% (MG.% 
Before injeetion 180 184.0 214 ole 158 250 
First hour during 1421] 214.0 262 119 158 250 
injection 
Second hour dur 2228 138.2 353 149 154 250 
ing injection 
N End of injeetion 3071 210.0 435 196 145 314 
First hour after 3298 236.0 320 334 154 254 
injection 
Second hour after 2420 935.8 4 528 145 PSS 
injection 
Fourth hour afte 1073 999.5 308 561 142 2SI 
injection 
Next morning? 4177 ISS8.8 298 372 158 249 
Before injection 762 9615 tS5 533 933.5 328 
First hour during 1481 240.0 167 533 293.5 318 
injeetion 
Second hour during 1738 216.8 385 533 219.0 330 
injection 
H End of injection* 3750 975.5 507 592 204.0 365 
First hour after 3544 314.0 a10 o19 220.5 ood 
injection 
Seeond hour after 2508 306.5 562 588 202.0 334 
injection 
Fourth hour after 1917 298.0 iTS 570 191.5 d28 
injection 
Next morning 688 260.0 135 542 223.0 345 
*Three to four hours. 
About twenty-one hours after injection was discontinued. Accidental feeding 


tPhospholipids were obtained by multiplying phosphorus by 


DISCUSSION 
The emulsifying agent is a prime factor in determining the tolerance of 
an animal for an emulsion.®°® Furthermore the stability of an emulsion depends 
on the emulsifying agent used. <All emulsifying agents or stabilizers (surface 
active agents) are likely to be toxie to a certain extent. Consequently, it is 
important to reduce the emulsifying agents to the minimal amount that will 
produce a stable fat emulsion. In the present study the amount of the combined 
mulsifving agents has been reduced to a minimum. Dextrose was added for 
ts osmotic effect and as an aid in making the emulsion more stable. 
Kee lecithin has been used as an emulsifying agent in preparing fat emul 
ions by most investigators.*°* Dunham and Brunschwig’ also used ‘‘demal 14,” 
mixture of polyglyeerolesters, to fulfill this purpose. Melkibbin and asso 
iates®?@"4¢ found purified sova phosphatides (Asolectin) to be the most satis- 
actory emulsifying agent. The toxie effects of fat emulsions used in previous 
tudies have been discussed recently.*? *"¢° According to the report of Ashby?’ 
ic purity of lecithin may be a factor in causing those reactions. 
In the early part of the present study, Tween 20 and Span 20 were used as 


nulsifving agents. The injection of these emulsifying agents produced toxic 
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lnanifestations which were mainly due to Tween 20. The toxie manifestations 
ineluded dilatation of blood vessels, fall in blood pressure, urticaria, urination, 
defeeation, and vomiting. The mechanism of the production of this group of 
reactions is not well understood. It is probable that these reactins are at least 
partly due to histamine formation in the body, for they ean be prevented by 
subeutaneous injection of epinephrine five to ten minutes prior to the injection 
of Tween 20. Benadryl] was also partially effective in preventing these reactions. 
Toxicity of the Tweens has also been shown by animal feeding tests by Krantz.* 

The Spans ean be ingested in comparably large quantities, possessing a 
nutritional value somewhat less than that of neutral fat.2°?°  Injeetion of 0.5 
per cent Span 20 in 10 per cent dextrose solution at a rate of 1.5 ml. per minute 
in a dog weighing 12 kilograms produced no toxie effect, and no hematologic 
changes were demonstrated. The emulsifying agents used were Span 20, 
Asoleetin (purified soya phosphatides), and sodium cholate. The injection of 
the emulsifving agents or of the fat emulsion stabilized by the emulsifying 
agents produced no fatalities and no apparent toxie effects under the conditions 
of these experiments. The appetites of these experimental animals were un 
affected by the injections. 

Diminution in blood pressure in experimental animals following intravenous 
injection of bile salts has been demonstrated by many investigators.2* The 
sodium cholate present in the emulsifying agents and fat emulsion failed to 
eause any such change. Obviously the fall of blood pressure following bile salts 
injection depends on the amount and concentration given and on the rate of 
injection.** Fat emulsion injected at 1.5 ¢.e. per minute or 0.125 ¢.c. per kilogram 
per minute eaused no fall of blood pressure. This is due to the faet that the 
injection was given slowly with a comparatively low concentration of sodium 
cholate. The sodium cholate given was probably eliminated from the cireulation 
in a short period of time.** °° 

The cause of the inerease of bile flow was probably the presence ol! 
sodium eholate since the choleretic effect of bile salts is well known.?* 28 There 
was little change in urine flow, although one might expect some diuretic effect 
even with this amount of fluid or dextrose. Nevertheless it is important. to 
point out that injection of fat emulsion or of emulsifving agents demonstrated 
no harmful effect on the mechanism of urine secretion. 

The increase of Ivmph flow in the various groups of experimental animals 
was probably due to the hypertonic sugar solution in whieh the fat was eon 
tained. Even 0.9 per cent saline by vein or water by mouth inereased the thoracic 
duet lymph flow as shown by Watkins and Fulton*® and Crandall and associates. 

The increase of total lipid output and lipid concentration of thoracie duet 
lvmph may simply be due to the lyvmphagogue effect of these solutions as already 
discussed or to transportation of some of the injected fat to the lymph or to 
both. Reinhardt and co-workers® recovered 9 to 20 per cent of the intravenous 
radiophospholipids in the thoracie duet lymph after three to six hours. The 
mechanism and route of this transportation are obscure. It might be transported 
directly by way of the blood capillaries — tissue spaces — lymph eapillaries and 
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to the lymph, or indirectly by way of the intestine where it would be hydrolyzed, 
reabsorbed, resvnthesized, passed into the lacteals and would finally reach the 
thoracic duct. However, the intestinal lacteals never appeared milky in six 
dogs during injection of fat emulsion, which is evidence against the indirect 
way of transportation. 

Some of the immediate toxic effects were salivation, pallor of tongue and 
mucous membranes, vomiting, and defecation, usually produced during the 
injection of fat emulsion and of emulsifying agents if the injection was given 
beyond 1.5 ml. per minute, especially in those animals receiving the first injee- 
tion. On the other hand, some of the animals would not show this group of 
reactions even if the injection rate was 2 to 2.5 ml. per minute. Obviously there 
is individual difference in tolerating the fat emulsion or emulsifying agents. 
The mechanism responsible for producing these reactions is not well understood. 
Nevertheless the reactions ean be prevented if the rate of injection is carefully 
controlled, 

Secondary anemia was produced following the intravenous injection of fat 
emulsion in the experimental dogs of Dunham and Brunsehwig,? MeKibbin and 
associates,°? "4° and our previous studies.’ No investigators have discussed the 
cause of such anemia following fat emulsion injection in detail. Johnson and 
co-workers*? and others** reported the destruction of red blood cells after fat 
ingestion. In their experiments they found that the lymph of the thoracic duet 
of dogs fed fat was markedly hemolytic. They further showed in animals that 
the daily exeretion of the degradation products of hemoglobin was greater on 
a high fat diet than on one low in fat. The results of Johnson and co-workers 
led Dunham and Brunschwig’ to conelude that the production of secondary 
anemia in their fat infused dogs was similar to the anemia of the dogs fed a 
high fat diet. 

In the present study, as Tables VII and VIII showed, mild anemia was 
produced in Dogs 4A and 4B, the animals injected with emulsifying agents, and 
Dog 9, one animal injected with fat. These results may be explained by 
several possibilities. 

(1) Le¢ithin itself (present in the purified soya phosphatides used as one 
of the three emulsifying agents) or its derivative might be the agent causing 
hemolysis. According to Lee and Tsai,°° approximately 17 mg. per cent of 
lecithin in physiologic saline solution is strongly hemolytic. In the present 
study, 126 mg. per kilogram of sova phosphatides were given with each injection. 
The relatively slight increase in the lipid phosphorus of the plasma during or 
following injection indicates that the injected phosphatides are rapidly removed 
from the circulation. 

(2) Sodium cholate used as one of the three emulsifying agents might be 
partially responsible for the anemia observed in three animals, since it is well 
known that bile salts are hemolytie agents.” ?°> The minimum concentration of 
sodium cholate in plasma necessary to eause hemolysis both in vivo and in vitro 
is not available. The amount of sodium cholate given (31.5 mg. per kilogram ) 
probably would not build up a concentration in the blood stream sufficient to 
he hemolytic. 
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(3) Infection was probably the main if not the only cause of anemia in 
the dogs infused with emulsifying agent (Dogs 4A and 4B), since the reduction 
of hemoglobin and red cell counts and the elevation of white cell counts were 
coincident with the application of plastic tubing which caused phlebitis at the 
site of injection. 

The accumulation of fat in the liver observed in Dog 7 following fat injec- 
tion was not observed in other experimental animals, including both those given 
emulsifying agents and those receiving fat. The extent to which the liver con 
tributes to the removal of intravenously injected fat remains to be studied, but 
it is reasonable to suppose that this organ takes up injected fat because of its 
role in fat metabolism and as the site of reticulo-endothelial tissue. In Dog 7 
the serum phosphatase and dye clearance were not altered, and there was no 
sugar or albumin detected in the urine throughout the four-week injection 
period. There was no evidence of impaired liver function other than the mod- 
erate increase in stainable fat, which suggests some delay in metabolism or 
transport. Probably impaired liver function should be a contraindication to 
the intravenous injection of fat. 

The gain in body weight of Dogs 7, 8, and 9 during the period of fat 
injection was approximately the same as during the control period, when the 
same number of calories was ingested. Such experiments furnish no direct 
proof of fat utilization. The number of calories fed was in excess of that 
required for maintenance inasmuch as a weight gain occurred. This increase 
was probably due to fat deposition since there was no evidence of edema. The 
injected fat was not excreted in the urine or feces. According to the experi- 
mental evidences presented by McKibbin and associates,®° injected coconut oil 
was metabolized in the body rather than stored, as judged by the iodine and 
saponification numbers of depot fat. 

The protein-sparing action of fat is in dispute. Forbes and Swift” 
found that protein could be spared by adding lard to the complete basal diet 
fed to their albino rats. The evidences of protein-sparing action of fat are 
increased heat production, CO, production, O, utilization, and decreased urinary 
nitrogen output. On the other hand, Rapport*’ states that the protein-sparing 
action of carbohydrate is twice as great as that of an isodynamie quantity of 
fat. The output of creatine falls below the starving level on a carbohydrate 
diet, but rises above it on a fat diet. Thus the nitrogen balance alone may not 
be very dependable in judging the utilization of the injected fat. However. 
the nitrogen balance during the infusion period was apparently the same as 
that for the control period while fat was given by mouth. The similarity of 
data for periods of ingestion and injection suggests but does not prove that the 
infused fat is utilized as well as that ingested. 

The increase of serum lipids following fat injection is as one might expect. 
The relative increase of the total fatty acids, phospholipids, and total cholesterol 
was largely due to the relative amount of the individual substance contained 
in the fat emulsion. According to analvsis, the fat emulsion eontained 10.06 
per cent of total fatty acids, 0.475 per cent of phospholipids, and 0.028 pet 
cent of total cholesterol. 
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The complete disappearance of the injected fat from the blood stream, as 
demonstrated in this experiment, took not more than seventeen hours and prob 
ably required considerably less time as judged by the decrease that occurred 
during the first four hours after injection. For example, the serum lipids of 
Doe +A were not far from the control level four hours after injection. These 
results are similar to the previous reports in regard to the disappearance of the 
lipemia following intravenous fat injection. * °> Little and associates’ injected 
a patient intravenously with 1,000 ml. of ehyle which contained 3.1 Gm. per 
cent of total lipids. The chylous fat disappeared from the blood cireulation 
rapidly as indicated by the plasma lipids determination. 


SUMMARY 


Stable, fine fat emulsions were prepared using Span 20 (0.5 per cent 
Asolectin (0.4 per cent), and sodium cholate (O.1 per cent) as emulsifying 
agents homogenized with refined butter oil (10 per cent) by means of a high 
pressure Viscolizer. 

Kat emulsions (in five does) and emulsifving agents alone (in three does 
caused no fall in blood pressure. In the same animals, urine and bile secretions 
were Increased. 

The thoracie duct lymph flow increased following injection of fat emulsion, 
emulsifving agents, and 10 per cent dextrose solution. The total output of 
lvmph lipids was increased following injection of fat emulsion, but not following 
the emulsifying agents. 

The daily intravenous infusion of emulsifying agents to dogs for four 
weeks failed to reveal toxic effects. 

The daily intravenous infusion of 10 per cent butter oil emulsions to does 
fed a fat-free diet resulted in further gain in weight and positive nitrogen 
balanee similar to that of the control period. 

Serum total fatty acids were markedly increased following fat injection. 
The increase of serum total cholesterol and phospholipids was comparatively 
slight. The serum lipids disappeared from the blood stream within seventeen 
hours after injection. No appreciable increase of serum lipids resulted following 
infusion of emulsifying agents alone. 

Histologic examinations of the liver and kidney of dogs infused with the 
emulsifying agents showed normal structures. Of two fat infused dogs, one 
showed essentially normal lungs, liver and kidney, while the other showed fat 
vranules in the liver cells. 
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HEMOPHILIA: CURRENT THEORIES AND SUCCESSFUL MEDICAL 
MANAGEMENT IN TRAUMATIC AND SURGICAL CRISES* 


CLAUDE-STARR WricHt, M.D., CuHarures A. Doan, M.D., 
VERNE A. Dopp, M.D., AND James D. THomas, M.D. 
CoLuMBUS, OHTO 


|p REVIEWING the therapeutic management of forty-three patients with 
hemophilia observed over the past seventeen years in this Clinic, three more 
or less distinet periods can be recognized: (1) The first was characterized by the 
use of a succession of nonspecifie measures most of which were aimed toward 
increasing the available circulating thromboplastin. These included snake venom, 
ovarian hormones, placental extracts, and foreign protein sensitization, with 
horse serum or egg albumin as antigens. (2) Despite the use of these measures 
the continuing necessity for supportive, replacement blood transfusions during 
acute hemophilie bleeding episodes finally led to the recognition that whole fresh 
blood produced the most effective, even though transitory, reduction in the pro 
longed coagulation time of any measure then advocated. That fresh or frozen 
normal human plasma are just as effective as whole fresh blood was demonstrated 
shortly thereafter. (3) World War II gave a tremendous impetus to the chemi 
eal partition, isolation, and therapeutie study of particular fractions from human 
and bovine blood plasma. As a by-product of these important researches has 
come a so-called antihemophilie fraction of human plasma ushering in a third 
era which is bringing new hope and optimism not only for the better clinical 
management of hemophilia, but also for the ultimate solution of the still enig 
matie problem of the pathologic physiology and precise biochemistry of this 
dramatic familial disease entity. 

Many theories have been evolved in the attempt to explain the abnormal 
coagulation mechanism of hemophilia. Most investigators agree that the primary 
impediment is in the retardation of the conversion time of prothrombin to throm 
bin. Calcium and a thromboplastie substance are necessary for this reaction. In 
analyzing the prevailing concepts, common accord is attained only in the fact 
that there is a lack of available circulating thromboplastin. The divergence of 
opinion is in the source and/or regulation of this ecatalytie or stoechiometric 
agent. Many substances have been demonstrated to have thromboplastie action 
Extracts of nearly all animal organs—brain, lung, thymus, testis, musele, and 
diffuse connective tissue'—show varving degrees of this activity. The ubiquity 
of tissue thromboplastin can be readily demonstrated in determining the clotting 
time in the hemophilie person. If a clean venepuncture is not obtained, allowing 
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The plasma fraction I of Cohn used in this study was prepared from blood collected 
from voluntary donors by the American Red Cross. This is one of a series of investigations 
in hemophilia being carried out with material supplied by the American National Red Cross 
\s soon as sufficient data become available to justify final conclusions concerning its thera 
peutic value, a full repart to the medical profession on the use of. this plasma fraction in 
medical practice will be published. 
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only minute amounts of tissue juice to admix with venous blood, a false lowering 
of the coagulation reading results. Proteolytic enzymes,? Russell viper venom, 
saliva,® and, recently, urinary extracts,’ penicillin, streptomycin’ and the prod- 
ucts of roentgen radiation® have been shown to function directly or indirectly as 
thromboplastie agents. 

Lysed platelets have long been known as one of the most potent sources of 
thromboplastin.’ Therefore interest for many years has been focused on the 
possible functional abnormality or inadequacy of hemophilie platelets. Howell 
and Cekada’ supported this concept, citing the observation that platelets from 
the hemophilic person fail to agglutinate readily in vitro and appear to resist 
prompt disintegration, thereby delaying presumably the liberation of their 
known thromboplastie content with a resultant prolongation of blood coagulation. 
Brinkhous*® has recently presented data suggesting that a plasma factor is in- 
volved in the release of thromboplastin from platelets, a factor deficient in the 
hemophilie patient. Quick,® however, indicates that the hemophilic defect may 
be due to the lack of a thromboplastin precursor, which is quantitatively ade- 
quate in normal blood and is activated to thromboplastin by an enzyme from 
lysed platelets. 

Kerguson hypothesizes that hemophilia is due to a deficiency in available 
trypsin, which according to his enzyme theory of coagulation is necessary for 


10 


the conversion of prothrombin to thrombin.” It has been adequately demon- 
strated that trypsin both in vivo and in vitro will shorten the clotting time of 
hemophilie blood, albeit in vivo it is a rather hazardous procedure."! 

As the cause of delaved blood coagulation in the hemophilie person and in 
contrast to the theory of thromboplastin deficiency, Tocantins'®: 1° aseribes this 
phenomenon to an excess of circulating anticoagulant, so-called anticephalin, an 
antithromboplastie substance. In support of these conclusions he has ae- 
eumulated a series of well-controlled experiments. 

Another of the hypotheses based on the lack of an essential circulating 
coagulation factor has evolved from the well-known fact already stated, that 
the administration of fresh whole blood or plasma from a normal person will 
shorten the coagulation time in the hemophilice person, whereas plasma or blood 
‘rom another hemophilie patient is ineffective. Studies over the past eleven 
vears at the Thorndyke Memorial Laboratory have resulted in the separation of 

globulin from normal plasma eapable of accelerating clot formation in the 
iemophilie subject.24?? Under the direction of Dr. Edwin J. Cohn* and as part 
the war research plasma fractionation program, whole human plasma was 
separated on a physiochemical basis into five major portions.2? The antihemo- 
hilie property was found to be most potent in fraction I, which also contains 
brinogen. Fraction I separated from hemophilie plasma has been shown to be 
cking in this specifie activity.12 This antihemophilie fraction now has been 
repared from surplus pooledt blood plasma in sufficient quantities for clinical 
aluation, and reports of the therapeutie effectiveness of this fraction are begin- 


92 


ng to accumulate.’ 2% 


*Of the Department of Physical Chemistry, Harvard Medical School, Boston, Mass. 
‘From the American National Red Cross. 
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CLINICAL STUDIES 


Upon the demobilization of the Civilian Defense Program a supply of frozen 
human plasma was placed at our disposal for investigative purposes. These non 
pooled units of 250 ¢.e. each were prepared by the prompt separation of all 
cellular elements, followed by rapid freezing of the whole plasma within a few 
hours after blood withdrawal from the donor according to the technique of 
Strumia, MeGraw, and Reichel.2* In the frozen state the antihemophilic activity 
of normal human plasma remains potent indefinitely and is readily availabk 
on rapid thawing in a water bath at 37° C., thus providing a convenient and 
effective therapeutic supply of the antihemophilic principle. Lyophilized plasma 
prepared within a few hours after withdrawal from the donor has been reported 
to be as effective as the original plasma.*” This activity of thawed plasma, how 
ever, diminishes rapidly after several days’ storage at 4° C. This loss of anti 
hemophilie activity during storage of plasma in the liquid state has been re 
ported by others.** 7? Similar rapid diminution of the antihemophilie princip! 
has been observed in vivo, the activity lasting a maximum of not more than 
seventy-two hours, irrespective of the amount given. The duration of activity 
above certain amounts appears to be exponential.** (This of course varies with 
the degree of the coagulation defect in the individual patient. On the basis ot 
repeated observations in severe hemophilie subjeets, the maximum duration ot 
effect usually ean be obtained with 50 to 100 ¢.e. of fresh plasma or restored 
frozen plasma. 

Studies with the concentrated antihemophilie fraction of Cohn were initiated 
in this Clinie early in 1946 when material for elinieal studies was made avail 
able.* Certain selected cases from our elinical studies are presented to illustrate 
(1) the comparative effectiveness of the antihemophile fraction I of Cohn versus 
freshly thawed plasma in promoting clot formation and (2) the possibility of 
successful medical management of the hemophilie patient during both elective 
and emergeney surgery. 


The Antihemophilic Activity of Plasma Fraction I. 

CASE 1. Fig, 1. At the time when the first supplies of plasma fraction I of Cohr 
were received, we were studying the effect of varving amounts of freshly thawed froze1 
plasma on a 17-year-old hemophilic subject (Patient L. B.) who had been admitted fo: 
treatment of a large ulcerating lesion on the posterior surface of the right thigh, caused 
by the sloughing of a massive spontaneous intramuscular hemorrhage several months be 
fore. The comparative studies of plasma fraction T and freshly thawed frozen whole 
plasma are graphed in Fig. 1. 

The intravenous administration of 50 ¢.c. of freshly thawed (at 37 frozen plasm: 


brought an immediate fall in the coagulation time+t to normal values, which were mait 


tained for twenty-four hours. Sixty hours later the coagulation time had returned to th 
prolonged base line values. Two units of fraction I (equivalent to 0.4 Gm. of protein 
dissolved in 10 ¢.e. of distilled water, were injected intravenously over a five-minute perio 
This reduced the coagulation time to normal but held for less than four hours. Four unit 


administered intravenously approximated the activity of 50 ec. of thawed whole plasm: 


*Through the courte sy of Dr. Louis Diamonse 
Committee, American National Red Cross. 


fCoagulation times were ‘determined in the following manner { «ec. of venous. bloc 
were aspirated into a dry syringe, noting the time the blood first entered the svringe. OF 
cubic centimeter was then ejected into each of three dry test tubes with an & mm. intern 
diameter ; the fourth cubic centimeter was discarded. The first and second tubes were examiné 
at intervals for clot formation. Coagulation of the third tube was accepted as the eI 
point. (Normal 10 to 30 minutes, ) 


and later through the Medical Advisor 
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It is of some interest that, in a number of instances i: 


which a study was made cf this 
type of single injection titration, the coagulation time rebounded to 


higher than the 


original base line levels, producing a biphasie curve. 
Case 2.—(Fig. 2.) M. S., a 5-year-old boy, had received freshly thawed frozen 
plasma and whole blood at frequent intervals over two and one-vear vears for the control 
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of recurrent spontaneous hemorrhages. A maternal first cousin and great uncle were known 
hemophilic patients. This admission, the ninth, was precipitated by injuries to the right 
ankle and the left posterior cervical region resulting in the marked subcutaneous ecchymoses 
which had been progressive over the three days preceding hospitalization. There was a 
marked hematoma involving the entire left side of the neck, measuring about 13 em. in 
diameter and extending from the surface plane of the neck approximately 8 em., resulting 
in a fixation of the neck and head to the right. Hechymoses were seattered over the 
entire body and extremities. 

The initial coagulation time was 50 minutes. Cohn’s fraction I, 0.2 Gm, intravenously, 
brought about an immediate lowering of the coagulation time to 13 minutes. To ameliorate 
the severe posthemorrhagic anemia, the patient was given a transfusion of 500 ¢.c. of fresh 
whole blood, thus lowering the coagulation time from 32 to S minutes, normal coagulation 
being maintained for over sixty-five hours. A rebound to over four hours was corrected 
with 0.1 Gm. of Cohn’s fraction I, Additional titration studies with increasing amounts of 
treshly thawed frozen plasma continued to maintain the coagulation time within the range 
of normality. Clinically there was clearing of the cervical hematoma to the extent that at 


the time of discharge there was only a small resolving surface echymotie area remaining 


The release of an increased quantity of antihemophilic globulin* is allowing 
currently a more extensive clinical evaluation in a number of clinics. The excel. 
lent responses obtained during acute hemorrhagie crises in this as well as other 


clinies is encouraging. 


Surgery and the Hemophilic Patient.—Only in the last few years has even 
minor surgery in the hemophilie patient been undertaken without fear and trepi 
dation. With a clearer understanding of the coagulation defect and with mate 
rials available for control, it is now possible to accomplish successfully major 
surgical procedures. Two illustrative case studies are presented. , 

CASE 3.—(Figs. 3-and 4. A. H., a 24-year-old Mennonite farmer, walked into the 
emergency room of University Hospital apparently uninjured superficially following an 
automobile accident. Two companions appeared to be more seriously injured and immedi 
ate attention was shown them. The attending surgeon (V.A.D.), however, noticed the sud 
den development of diaphoresis and pallor in the first man and upon further questioning 
elicited complaints of increasing weakness and pain in the upper left abdominal quadrant 
Examination revealed a small, superficial, bruised area at the costal margin, a rigid abdo 
men, and a state of imminent constitutional shock. The patient then informed the surgeo: 
that he and other male members of his family had been under our observation for severa 
years for hemophilia. A tentative diagnosis of traumatic rupture of the spleen was made; 
plasma transfusions were started immediately and simultaneously in both arms. Emer 
gency surgical exploration revealed an abdomen full of free blood, its source being a smal 
laceration at the inferior pole on the posterior surface of the spleen. Splenectomy was su 
cessfully accomplished and during the first t venty-five hours the patient received 14 unit 
of plasma (3,500 ¢.c.) and 4 units of whole blood (2,000 ¢.e.). On the second hospital day 
the coagulation time was 6 minutes. By the third hospital day, despite the tremendous 
quantities of borrowed blood and plasma, it had increased to 50 minutes, and oozing about 
the incision resulted in the loss of approximately 500 ¢.c. of blood. Thereafter dail} 
transfusions of whole blood and/or fresh plasma were given, administered so as to maintail 
the coagulation index at all times under 30 minutes. Control of the hemophilic bleedin 
during the remaining period of convalescence was satisfactory and no further complics 
tions developed. 

The genealogic history (Fig. 4) revealed that both maternal and paternal grand 


fathers of the patient had been hemophilic. On the maternal side the patient had te 


*By the Blood and Blood Substitutes Committee of the American National Red Cross. 








HEMOPHILIA 


~] 
— 


HEMOPHILIA 
06929 Ato Aged 24 yrs. Emergency splenectomy for posttraumatic rupture _ 








EPUERGENCY SPLENECTOMY 
14 UNITS STORED PLASMA 
4 UNITS WHOLE BLOOD 


TRANSFUSIONS 
lal oe + Discharged an 


FRESH fm 

5 fal a aces , J Wenge a4 
790cc Ps p ie Pg 
+e | ad \ / al 


500 cc. BLOOD LOSS aia 
Bleeding About Incision 


















Gr 
_ 
bs 
REC. in tVitions 












Coagulation time z 
in minutes SAAN 
NORMAL RANGE 

SQ QQ 


>. 





ON 





2,000000: 


(eae, 
~» 
c—] 

i 


oS 
3 

Retics in Percent 
o 


i 


,, 1500000 


Prate/et 
Liisi ewe: 
me 
wi 
O58 S58 2k Oo 


re 


500000 





4 
<j 


L 





uw 
Sere w eee 


P/atelets \p nw mnoe on nora 0-- ae 


iL 





oO 
i 
Oo 








q MONO | / 











o " 


“TS 6 7 8 9 10 13 14 15 10 17 10 20 6 10 7 7 16 16 20 2% 22 19 $4 19 20 17 19 9 
1944 NOV DEC.JAN.. M. A. MYJE.JY AUG.S. 0. N. F A JEdY 
1945 4946 4947 


Fig. 3. Case 3. The initial shock was corrected with 14 units of fresh liquid bank plasma 
f units of whole fresh blood given during the first twenty-four hours. Fifty-six hours 
er there was an estimated 500 c.c. blood loss around the incision, at which time the coagu- 
mn time was 50 minutes, Whole blood and freshly prepared plasma controlled the coagula- 
n time during convalescence. Periodic follow-up studies for nearly three years showed vacil- 
FY in coagulation time from i5 to 55 minutes. The genealogic history is diagramed in 
cousins with known hemophilia, five of whom had died from fatal hemorrhage second 
to trauma, appendectomy, tonsillectomy, leg ulcer, and tooth extraction, respectively. 
The patient was seen at two- to three-month intervals after the splenectomy thirty 
t months ago and showed a vacillating coagulation time of from 15 to 55 minutes. He 
erienced no further clinical difficulty referable to the hemophilia and at the time of 
ting was in excellent health. 
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Case 4.—(Fig. 5.) G. F., a 26-vear-old white man, had experienced severe alveolar pain 
for eight months preceding his first admission to University Hospital. The patient had con 
sulted several dentists for extraction of the diseased teeth but had been refused attention due 
to a severe hemophilic diathesis which had resulted in recurrent crippling hemarthroses since 
his fifth year of age. Profuse bleeding followed a tooth extraction at the age of 8 years. 
The alveolar pain was so severe and constant gliat for four months the patient had required 
Dilaudid, 4 mg. every four hours. The initial coagulation time on admission was 125 minutes. 
Coagulation studies were made over a forty-eight-hour period preliminary to dental surgery. 
Comparatively frequent doses of freshly thawed frozen plasma were necessary to bring and 
keep the coagulation time within or near the range of normality. Determinations of the 
coagulation time were made three times daily, and whenever values were on the upward trend 
additional plasma was administered. On the third hospital day, after receiving 250 ¢.c. of 
plasma preoperatively, extensive dental surgery* was accomplished. The extraction required 
removal of a moderate amount of osseous mandibular tissue. Practically no hemorrhage oe 
curred during the operative procedure. Throughout convalescence only minimal oozing fron 


the operative site, normal for the degree and extent of the surgery, was evident. 
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Mie, 5.—Case 4. \ forty-eight hour control study preceding surgery indicated the ex- 
pected response of the coagulation Cefect to restored frozen plasma. Extensive dental surgery 


vas required to extract an impacted molar tooth. Operative and postoperative bleeding was 
inimal. Therapy continued for eight days. Two days after discharge trauma to granulating 
cket initiated hemorrhage, requiring readmission Coagulation time was 45 minutes. A ddi- 
mal plasma therapy controlled hemorrhage satisfactorily. 


Rigid control of the coagulation mechanism was continued for six days postopera 
vely. Up to the time of discharge there was no hemorrhage. Two days later the patient 
nadvertently traumatized the oral granulating surface at the site of extraction, with 
sultant profuse bleeding. Upon readmission the coagulation time was 45 minutes. Ad 
nistration of freshly thawed frozen plasma again satisfactorily controlled the hemor 
age and eonvalescence was completed without further complications. The patient has 


nee had another tooth extraction which was successfully managed under a similar regime. 


DISCUSSION 


Why does the hemophilie person bleed? Is it an inherent increased stability 
the platelets? Is it an exeess of an antithromboplastic substance? Is it a 


) 


feet in trypsin, in a thromboplastic precursor, in antihemophilie globulin? 


*By Dr. Harry D. Spangenberg, Jr. 
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Most of the evidence in support of these hypotheses adds up to a post hoc, ergo 
propter hoc order of reasoning, and in examining one without consideration of 
the others, each is presented with convineing evidence and a good case is made. 
The ultimate solution may well represent a compromise between the presently 
held individual hypotheses. 

The diagnosis of true hemophilia not infrequently presents a real problem. 
The classic criteria include: (1) a familial history of the symptoms of hemio- 
philia; (2) a personal history of more or less difficulty in controlling hemorrhage, 
especially following trauma; and (3) the demonstration of a prolonged coagula 
tion time of venous blood. Recently the demonstrable shortening of the coagu 
lation time after parenteral administration of one of the antihemophilic globulin 
containing substances has proved to be a valuable confirmatory therapeutic test 
Strange as it may seem, the differential diagnosis of hemophilia from other 
hemorrhagie diatheses, as for example thromboeytopenie purpura or hypopro 
thrombinemia, is not always immediately possible in an individual who is in a 
clinical remission at the time of examination. Vacillations in the clinical mani 
festations of either purpura or hemophilia reflect differences in the severity of 
the thrombocytopenia or the degree of prolongation of the coagulation time, 
respectively, from time to time (Fig. 3). A series of laboratory studies over a 
period of days, or even months, is occasionally necessary to establish a diagnosis. 
This type of study was necessary in a young physician who had experienced 
recurrent hemorrhagic episodes since infaney. A maternal uncle had been a 
bleeder. Both hemophilia and purpura had been clinically diagnosed at different 
times and in different clinics, though all previous coagulation studies had failed 
to show any abnormality and the platelets always had been found to be adequate 
in number. It was necessary to make serial daily studies of all phases of the 
eodgulation mechanism: on only two of five consecutive days was a prolonged 
coagulation time found upon which to establish a hemophilie diathesis. Six 
months later an acute appendix was suecessfully removed under a regime of 
rigid coagulation time control. A similar study over a six-month period was 
recently necessary in an &-vear-old youth to establish a recurrent thromboey 
topenia as the definitive cause of hemorrhagic difficulties rather than a previously 
diagnosed hemophilia. /¢ is important that these fluctuations in the various fa 
tors of the coagulation mechanism from time to time be recognized, so that, i/ 
the specific abnormality or defect is not clearly defined and apparent on « 
single eramination, repeated studie Z. party ularly at the time of recurrence ol 
symptoms, will be made. 

A rational approach to the suecesstul therapeutic management of hemophili: 
must include three avenues: first, the use of specifie therapeutic agents to promot 
coagulation of the blood per se; second, the institution of a prevention and euid 
ance program through training the child with hemophilia in early life to adap 
himself to and aecept the various limitations enforced by the disease; and third 
intelligent utilization of the physical therapist in overeomine the otherwis 
frequently crippling hemarthroses. 

Control of acute hemorrhage in the hemophilie person is approached fron 
two angles: prompt parenteral therapy in maintaining a normal coagulatior 
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time for the duration of the emergency, and the loeal application of hemostatic 
agents where indicated and when possible. 

The active antihemophilic principle present in nonhemophilie blood is pre 
served only under certain conditions. The activity deteriorates rapidly under 
most in vitro conditions; therefore whole blood or plasma only when relatively 
fresh is effective. The coagulation promoting activity may be preserved by 
freezing or lyophilizing plasma within a few hours after withdrawal from the 
donor. Restitution of frozen plasma requires rapid thawing in a water bath at 
o7°; otherwise denaturation of the plasma proteins may occur with precipitate 
formation. Both properly prepared frozen plasma and lyophilized plasma 
provide excellent permanent, readily available sources of antihemophilic 
substance. The concentrated unit of powdered plasma fraction T of Cohn is 
reliquefied with distilled water and has a protein equivalent of 60 to 75 ©.c. 
of plasma, with an anti-hemophilice activity of ten to fifteen times the com- 
parable volume of plasma from which it came.2® The fraction was prepared 
from blood which had been held as long as seventy-two hours before the 
separation of the cells and plasma had been accomplished. Greater potene)y 
would probably be obtained from fresh plasma preserved in the frozen state 
until fraetionation. Intravenous or intramarrow administration has proved 
to be more reliable in reducing the coagulation time than administration by 
the intramuseular route. 

The severity of the hemophilia governs the quantity and frequency of 
antihemophilic substance. If there is evidence of appreciable blood loss, fresh 
whole blood will provide not only the antihemophilic substance but also replace 
the loss in red blood cells (see Fig. 2). Fifty eubie centimeters of fresh, re- 
stored frozen or lyophilized plasma intravenously usually will maintain the 
coagulation time in a moderately severe hemophilie condition within safe 
limits for about twenty-four hours. One unit of Cohn’s plasma fraction ] 
equivalent to 0.2 Gm. protein) will accomplish the same for from three to 
sixty-five hours. In the hemophilie child the intravenous administration of 
these materials frequently presents a real problem when most of the available 
eins have been obliterated by numerous previous venoclyses, The intratibial 

r intrasternal routes have proved to be quite satisfactory in these instances. 
A single venoclysis is generally all that is necessary for the immediate 
mtrol of an acute hemorrhagie episode, for it is actually only necessary for 
e coagulation time to remain within normal values sufficiently long for a 
agulum to form within the lumen of the hemorrhaging vessels. In the sur- 
cal patient it is advisable to have frequent determinations of the coagulation 
ie, preferably three times daily. In the presence of ascending values 
ceeding the upper limits of normal, further therapy for reducing the 
igulation time is at once indicated (see Figs. 3 and 5). Two to three days 
dy of the relative ease or difficulty of control of the coagulation mechanism 
the individual patient is desirable prelminary to elective surgery. Post- 
erative control is continued for from two to ten days, depending on the 
erity of the hemophilia and the extent of the surgery. 
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In most instances parenteral control of the coagulation defect will suffice. 
However it is frequently desirable as an additional precautionary measure to 
employ local hemostatic agents at the operative site. Fibrin foam and thrombin 
have proved most effective. In the past, electrocauterization, gelatin, oxy- 
cellulose, placental globulin, epinephrine, viper venom, muscle extracts, and 
globulin from human, bovine, rabbit and swine sourees in addition to mechanical 
pressure aids have been used with varying degrees of success. 

The rare development of a refractoriness in the lowering of the coagulation 
time by fresh whole blood, plasma, or the plasma fraction IL of Cohn after 
repeated administrations has been observed.*" This phenomenon has not been 
observed in this Clinic. Moderate fluctuations in the coagulation defect are the 
rule when individual cases are followed over long periods. Depending on the 
theory of the pathologie physiology to which one subscribes, this may be due 
to a vacillating quantity of antihemophilic globulin, anticephalin, thromboplastic 
precursor, or trypsin. It is conceivable that aceentuations of these normal flue 
tuations may play an important role in the refractory states. The demonstration 
of an anticoagulant associated with the plasma globulin has been reported in 
several instances.*! That the developing anticoagulant was an antibody and 
inhibited or tied up the antihemophilie globulin by means of an antigen-antibody 
reaction has been proposed by Lawrence and Craddock.*! Taylor®® and asso 
eiates have observed a refractory state develop in a patient who had previousl) 
responded to fresh whole blood, plasma, and the plasma fraction I of Cohn 
Comparatively massive amounts of plasma fraction I of Cohn (1.0 Gm.) and 
fresh plasma failed to effect significantly the prolonged coagulation time, Only 
when the greater part of the circulating blood had been replaced by fresh whole 
blood was normal coagulation again achieved. A similar massive replacement of 
the circulating blood volume is illustrated in our Case 3 (Fig. 3) 

The age range of the forty-three hemophilie patients at the time they wer 
first seen in this Clinie is indicated in Table I. Fifteen of this group, or 34.8 


TABLE I. AGE RANGE OF HEMOPHILIC PATIENTS 


AGI YR, ) NUMBER OF PATIENTS 
3-5) 10 
5-10 5 
10-20 q 
20-30 12 
30-40 6 
>40 ] 
Total 13 


per cent, were between 3 and 10 years of age. This age group presents the 
highest incidence of repeated hospitalizations for acute hemorrhagic episodes 
The coagulation defect does not appear to be more severe at this age, but norma 
physical hyperactivity and an immaturity of perception make the ehild mor 
subject to incidental and accidental trauma with initiation of hemorrhage. Many 
potential hazards can be overcome by the establishment of an early guidanc 
program aimed toward the patient’s understanding of and adaptation to hi 
physical limitations. Through the close collaboration and cooperation of th 
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physician, medical social worker, parents, and school authorities, it is usually 
possible to compromise on an outline of restricted activity which will allow the 
patient a relatively normal childhood while minimizing the frequency of acute 
hemorrhagic episodes and thus avoiding the invalid personality that is frequently 
seen in these patients. The severity of the disease, of course, all too frequently 
dictates its own enforced limitations. 

Kleven patients or 25.5 per cent of the group had experienced repeated 
hemarthroses which had lett varying degrees of disability. The severity of the 
residua frequently totally incapacitated the patient, A program in conjunction 
with the physical therapist and orthopedist will often provide an opportunity 
to relieve an otherwise permanent disability. In a joint in which there has been 
fresh hemorrhage it is possible to aspirate the unclotted blood after control of 
the coagulation time has been effected with the parenteral use of antihemophilic 
agents. Physieal therapy is administered in both the fresh and old arthroses 
only when and as the coagulation time is maintained within normal limits. The 
control of the coagulation time is maintained as outlined for the surgical patient 


CONCLUSIONS 


Control of the prolonged coagulation time in the hemophilie patient may 
be effected by the intravenous or intramarrow administration of (1) fresh whole 
blood or plasma, (2) reconstituted frozen or lyophilized plasma that has been 
processed immediately after withdrawal from the donor, or (3) the recently 
separated plasma fraction I of Cohn, a potent antihemophilie substance in our 
experience. 

The temporary correction of the coagulation defect with any of these sub 
stances permits in the individual patient with hemophilia both emergenev and 
elective surgical procedures, with relative safety. 

Physical therapy and earetully controlled orthopedic procedures may he 
successfully utilized in alleviating the frequently occurring hemarthroses when 
the coagulation time is maintained within normal values. 

The institution of a guidance and prevention program through the ecoopera- 
tion of the physician, medical social worker, parents, and school authorities will 
aid in assisting the hemophilie child to better adapt himself to the limitations 


entoreed by his inherited disease. 
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EXPERIMENTAL STUDY OF THE COMPARATIVE ACTION OF 
HEPARIN AND DICUMAROL ON THE IN VIVO CLOT 


Leo Lorwr, M.D., Epowarp Hirscu, M.D., Davin M. Grayzen, M.D., 
AND FLORENCE KASHDAN, A.B. 
BROOKLYN, N. Y. 


> VIVO experiments concerning the action of heparin on the preformed ven 
ous clot have demonstrated its dual action of causing the dissolution of an 
early thrombus and of stimulating an adequate collateral vascular by-pass to a 
vein occluded by an organizing clot.!. In view of the extensive use of dicumarol 
nm venous thromboembolic disease, it Was deemed advisable to investigate the 


action of dicumarol under similar experimental conditions. The purpose of this 


communication is to record the results of this comparative study and to sum 
marize the literature pertinent to the subject. 


METHODS 


Experimental venous thrombosis has been obtained by numerous chemical and mechanical 
methods,2 6 most of which, however, are not so completely reliable as To allow Tor conelusive 
| statistical survev. Thus the injection of sodium ricinoleate® and crushing of the vein over an 


intraluminal silk thread® or stretehing of the vein? ] 


t the ave not proved satisfactory in our hands. 
he introduction of an extraneous factor in a chemically induced thrombosis complicates the 
proper evaluation of the anticoagulant to be tested so that we have resorted to a mechanical 
means of thrombus formation which produced consistent and predictable results 
The genesis and subsequent elaboration of a thrombus depends on any or all of the 
llowing factors: stagnation of blood, injurv to the intima, local release of relatively large 
ounts of thrombokinase. 
\ method utilizing these three factors has been reported elsewhere’ and 1s as follows: 
Adult rabbits weighing three kilograms are anesthétized with ether. The jugular veins 


re exposed and the most proximal portions securely ligated with silk. The distal portion of 
e vein is held over a narrow strip of metal and firmly struck twenty to thirty times witl 


e handle of a scissors. In about two minutes, 


Ir, the procedure is repeated 


I 


and the clot itself is indistinguishable 


after bleeding has ceased, a palpable and 
visible clot is usually present. If clotting does not occ 1 


ion invariably occurs with. this procedure 


1 aseptic thrombophlebitis. 


il 


n vivo clot seen ir 


Heparinization was effected by means of the heparin/Pitkin Menstruum preparation 
I } I 


Pitkin menstruum is a gelatin base medium which was designed to regulate and retard 

e release of water-soluble drugs incorporated within it. The preparation with varying 
ints of heparin has been used extensively on human subjects with consistently satisfactory 

ts. The formulas employed in our experiments contained vasoconstrictors which further 

‘d the absorption of the heparin and prolonged the effect of a single dose. The dosage 
varied from 40 to 100 mg. of heparin given every two to three days. The amount was 
governed solely by the coagulation time which was maintained at not less than three to four 


es the normal level. The coagulation time was determined by the Lee-White-Howell 


1.12 From previous studies we have found ths 


at rabbits react uniformly to the action 
eparin.! To date we have encountered no heparin resistant rabbits. 

I enteral routes, We have found, 
is Link and associates, that rabbits vary in their response to oral dicumarol but that all 


wu lal 


Dicumarol was administered by both the oral and par 
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rabbits respond to the intravenous administration of the disodium salt of dicumarol,13, 14 
However, we have noted that, contrary to the observations of Link, rabbits orally diecumarol 
sensitive occasionally change in sensitivity so that the intravenous route becomes obligatory 
Dicumarol was given orally in 6 mg. doses. The disodium salt was prepared according to the 
procedure of Link!4 and was administered in 12 mg. doses. The dosage and the interval 
between doses was governed essentially by the daily prothrombin time, Dicumarolized animals 
were fed a diet low in ascorbie acid which has been shown to be an antagonist of dieumarol. 
In our early experiments, excessive doses of dicumarol caused loss of animals through coma, 
convulsions, and death. These toxic manifestations agree with the recorded data on the 
toxicity of this drug.16-19 In no instance have we noted death due to hemorrhage, possibly 
because of a careful regard for the prothrombin time. 

Prothrombin Time.—Prothrombin time was determined on the dilute plasma by the Lin] 
modification!’ of Quick’s method.2 Fresh thromboplastin was used daily. Prothrombin times 
were recorded only when two successive determinations agreed within the arbitrary limits of 
Oo per cent. Sufficient dicumarol was given to maintain the prothrombin time above one and 
one-half times normal, as measured in seconds. 

Scope of the Eape riment, Thrombosis was induced as deseribed previously. On the 
ninth and fourteenth days after the induction of thrombosis, heparin or dieumarol was admin 
istered to alternate animals, respectively, Sufficient amounts of anticoagulant were given to 
maintain either the coagulation time or the prothrombin time well above clinically accepted 
limits. Anticoagulants were administered for two weeks, This arbitrary limit was set by ow 
previous experiments! with heparin in which it was shown that the maximum effect was obtain 
able within that period. At the completion of this period the animals were anesthetized wit! 
ether: the veins were inspected, photographed in situ, and sections were taken for microseopi 
examination. There was no need to obtain control animals since our previous experiments 


have yielded controls for all periods up to thirty days after the induction of thrombosis.’ 


RESULTS 

The scope and results of the experiment are seen in Tables I and I. 

From Table I (anticoagulant therapy started nine days after induction of 
thrombosis) it may be seen that of the six veins heparinized for two weeks, four 
were patent (Fig. 1) and two were occluded (Fig. 2), while in a similar number 
of dicumarolized veins, two were patent (Fig. 3) and four were oecluded (Fig 
4). All of the control veins were occluded. The visible collateral svstem appeared 


to be greater in the heparinized series. 


TABLE I FOURTEEN DAYS OF ANTICOAGULATION THERAPY STARTED NINE DAYS APTER 


INDUCTION OF THROMBOSIS 


NUMBER OF VEINS PATENT OCCLUDED COLLATERALS 
Heparin 6 4 9 H+ tO +44 
Dicumarol 6 9 j + to +4 
Controls 6 0 6 0 to 


TABLE II, FourtTEEN DAYS OF ANTICOAGULANT THERAPY STARTED FOURTEEN DAYS AFTER 
INDUCTION OF THROMBOSIS 


NUMBER OF 


VEINS PATENT OCCLUDED COLLATERALS 
Heparin 8 6 2 Recanalized ++4+4 
Diecumarol s 9 Patent 4 + to ++4 
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Krom Table IL (anticoagulant therapy started fourteen days after indue- 
tion of thrombosis) it is evident that of eight heparinized veins, six were patent 
microscopically (Fig. 5) and two showed extensive recanalization. Of eight 
dicumarolized veins, two were patent (Fig. 6), two showed extensive recanal- 
ization, while four were occluded, These last four were considered occluded 
although they demonstrated recanalization. The recanalization was, however, 
similar in extent to that of the control veins. The lumina of all the patent veins 
were markedly narrowed and showed considerable subintimal proliferation. All 
vessels appeared to be occluded on gross inspection, patency being established 
by mieroscopie section. The collaterals were far greater in size and number in 
the heparinized group. 


DISCUSSION 


The results which we have recorded represent the inevitable continuation 
of our investigations into the physiology of the anticoagulants. It would seem 
proper at this point to review the experimental work on this subject since such 
an historic survey reveals horizons not ordinarily perceptible to the worker in 


such a narrow field. 


Heparin. With the discovery of heparin by McLean?! and its subsequent elaboration 
by Howell,2? the ability of this substance to retard coagulation stimulated many workers to 
find a suitable application in experimental work with an eye toward the therapeutic value it 
disorders of blood coagulation. Howell and MeDonald2s demonstrated the innocuousness ot 
the purified material when injected intravenously in dogs and in man and showed at the same 
time that heparin had no effeet on the number of circulating red cells, leucocytes, and platelets 
Lack of toxie action of the purified material was demonstrated by Reed24 in several hundred 
experiments. 

The in vivo action of heparin differs from the in vitro action in which purified reagents 
are used. Thus, in a mixture of purified fibrinogen and thrombin, heparin has almost no 
inhibiting action and therefore shows no retarding or blocking effect on the conversion of 
prothrombin to thrombin,25 Heparin is not ordinarily neutralized in vitro by thromboplastin.?' 
The in vivo action of heparin appears to depend primarily on the combined action of hepari 
and an undesignated fraction of the serum albumins, the so-called albumin X of Quick, in the 
presence of neutral salts.26 The importance of this factor has been conclusively demon 
strated.27 Thus, heparin appears to be an antithrombogen, that is an agent which reacts wit! 
a constituent in the plasma to form a true antithrombin.2*. 2% The actual method whereby 
heparin interferes with the processes of coagulation depends on its very high negative charge 
According to Jorpes,3° heparin, by virtue of its high sulfurie acid content, contains the 
strongest electric charge of any high molecular substance in the body. Apparently hepari 
exerts its action through this charge. This seems to be supported by the neutralizing effect 
of basie protamine, which has the property of promptly counteracting the action of heparin 
The multiple in vivo effect of heparin on thromboplastin, prothrombin, and thrombin is most 
readily explained as a loading and unloading of negative charges on the proteins concerned 

The acknowledged ability of heparin to prevent the coagulation of whole blood by inte1 
fering with the formation of thrombin requires no further comment. It is the action on a pure 
platelet thrombus which appears to be of greater concern, The starting point of such 
thrombus is a small mass of agglutinated platelets. The prevention of this clumping is prob 
ably the primary action of heparin in the prevention of platelet thrombosis.25 Althoug! 
earlier in vitro investigations®! revealed that crude heparin was not effective in preventin; 
the agglutination of platelets, subsequent experiments have revealed that in blood to whicl 
heparin has been added there has been no clumping of platelets or diminution in their num 
her.s2-34 The agglutination of platelets is presumed to be due to an adhesive agent and not 
ti 


formed fibrin,?5 since several workers have been unable to demonstrate the precipitation ot 
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tibrin in white thrombus formation.66> A much higher concentration of heparin is required to 
prevent the agglutination of platelets than is required to inhibit the coagulation of blood. 

(nother way of stating this would be to say that although the adhesiveness of platelets is 
reduced in the presence of heparin, it has been noted that more heparin is required to prevent 
the agglutination of platelets than to inhibit the formation of fibrin.®2.%8 In rabbit and 
human blood, the platelets of which are either more readily destroyed or liberate a more 
powerful adhesive agent,®> heparin retards but does not completely prevent platelet thrombus 


rolutination 


formation.31. 39 With sufficiently large doses of heparin the effect on platelet agg 
develops after a latent period, unlike the immediate effeet on the clotting time. 
The effect of heparin on in vivo thrombi has been studied in three ways. 


1, Action on Thrombi in a Glass Cell or in Cellophane Tubes: Best and co-workers 
showed that the administration of a large dose of purified heparin prevents or delays the 
formation of white thrombi in glass cells or cellophane tubes interposed between the carotid 
artery and the jugular vein. It has been similarly shown that when glass cannulas are inter 
posed between the cut ends of a large artery, adequate heparinization prevents the occlusion 
of the cannula for periods greater than twenty-four hours, while control cannulas become 


occluded after twenty minutes of active blood flow.40 


2. Action on Thrombi in the Coronary Artery : Tf the endocardium of the left ventricle 
of a dog was injured by the injection of sodium ricinoleate and the myocardium injured by 
ligating the anterior descending branch of the left coronary artery, large mural thrombi very 
quickly formed in the lumen of the left ventricle. When, however, adequate amounts of 
heparin were given before the injury was produced, mural thrombi were not seen.6? Similarly, 
it has been shown that coronary thrombosis could be induced by sodium ricinoleate injected 
directly into the coronary vessels in twelve out of thirteen dogs, while similar lesions occurred 
in only one of twelve dogs if heparin was given continuously for twenty-four hours after 


injury.41. 42 


3. Action on Thrombi in Injured Veins: Murray, Best and eo-workers® were able to 
cause intraluminal venous thrombosis by either crushing a vein over an intraluminal silk 
thread or by the injection of sodium ricinoleate into the vein. In either case thrombosis 
occurred in 80 to &5 per cent of the controls. Prophylactic heparinization preceding trauma 
with subsequent heparinization after trauma resulted in a few minimal thromboses, Heparin 
administered after trauma maintained the patency of a considerable number of veins, Thus 
l4 per cent of the control veins remained patent after mechanical trauma, while 81 per cent 
of the test veins retained their patency if heparin was administered for seventy to seventy-two 
hours. Rabinovitch and Pines? induced thrombosis by stretching the vein and then causing a 
partial obstruetion to the blood flow by a semiconstricting ligature. These investigators 
showed that in certain instances heparin caused the disappearance of the thrombus only in 


+] 


he early stages and never when the clot already had been organized, 

In an attempt to determine at what stage dissolution of the clot took place 
ind what, if any, was the action of heparin on the organizing clot, wet® induced 
thrombosis in a manner described earlier in this paper. Using heparin/Pitkin 


nenstruum which would vield a constant anticoagulant effect for at least forty- 


ight hours, it was found first that pateney can be re-established in a number 
' veins even as long as six days after a elinieally palpable and microscopically 
eceptable thrombus is present. Second, the extent and apparently the speed 
of reeanalization is enhanced by the use of heparin. Third, when the vein is so 
eluded grossly as to preclude the resumption of clinical patency, recanalization 
as still greater in degree and extent under heparin therapy; and fourth, in the 
presence of occluded veins which cause definite obstruction to circulation, the 

ening of adjacent collateral venous channels is so extensive in the presence 
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of heparin that the combined cross-sectional area of the collateral system appears 
as great as, if not greater than, that of the original vein. We found, in addition, 
that in every instance of sludge formation such as has been deseribed in experi- 
mental frostbite, Plasmodium knowlest malaria and traumatie shock**** heparin 
caused complete solution of the clot with resumption of clinical patency. 


Dicumarol.—The diseovery of the entity known as sweet clover disease by Schofield, 


its further elaboration by Roderick,50 and finally the magnificent researches of Link and 


associates! 3, 16,51 led to the isolation and synthesis of dicumarol, the causative agent of 
this disease. The physiologic effects of dicumarol as measured by the assay of circulating 
prothrombin!s. 2° are too well known to require further elaboration. Animals are presumed 


not to acquire immunity or increased susceptibility to this hemorrhagic agent!’ although we 
have found this not to be absolutely true. However, animals which are insensitive to the oral 
administration of the drug usually respond to the intravenous administration of the disodium 
salt of dicumarol.!4 The administration of a single dose effects a reduction of the prothrom 
bin level without producing gross signs of permanent injury. The immediate effects of a 


massive toxic dose are dyspnea, hyperthermia, vasodilation, convulsions, coma, and death. 


Since these effects occur within twelve hours, there is no reduction in prothrombin time and 
consequently no hemorrhage.17-1% The continued feeding of this substance is necessary for 
the production of hemorrhages.16 

The action of diceumarol is not clearly understood. However, studies indicate that. it 


prolongs the prothrombin time and hence the coagulation time in animals!?. 54 and in man.59-5 
It has been shown that the action of dicumarol influences both the production of fibrinogen 
and the synthesis of prothrombin.25 The thirty-six to forty-eight hour lag in response! 
corresponds to the time necessary to utilize completely the prothrombin circulating in the 
blood. Vitamin K5s. 5° counteracts the anticoagulant effeets of dicumarol while vitamin C 
probably intensifies this protective action of Vitamin Wx.! Dicumarol is ineffective in vitro.! 

Platelet adhesiveness is undoubtedly a factor in thrombosis, Wright60 observed an 
increased stickiness at the time when, statistically, thrombosis is likely to occur, There was 
a simultaneous increase in the platelet count. She thus postulated that the large numbers of 
newly formed platelets are hyperadhesive. The same observer noted that the greater the 
concentration of heparin the less is the stickiness of the platelets.s8 The adhesiveness of 
platelets also definitely decreases after dicumarol administrations’. 61 and bears a direct rela 
tionship to the prolongation of the prothrombin time. However, the prothrombin time must 
he decreased significantly before an actual decrease in platelet adhesiveness can be demon 
strated.82. 62 Dicumarol causes no at preciable difference in the number of circulating plate 
lets.82, 34, 62,65 Clot retraction is retarded in the presence of sufficient amounts of dicumarol 
to elevate the prothrombin time significantly, 6, 

The experimental studies concerning the effect of dicumarol on the thrombus and 
thrombus formation have paralleled the heparin investigations, Experimental intravascular 
clotting ordinarily does not occur in animals which are under full dicumarol effect.56, 64 
Glass cannulas interposed between two ends of an artery were seldom occluded when animals 
had previously received dicumarol. Patency was maintained for six to eight hours if the 
prothrombin time was elevated above thirty minutes in dogs.54 In the glass cell, carotid 
artery-jugular vein anastomosis,*° Dale and Jaques®? have shown that dicumarol appears to 
be slightly more effective than single doses of heparin in the prevention of thrombosis. This 
work was predicated, however, on one dose of heparin, the effects of which are known to 
disappear in a few hours. Richards and Cortell,6> using the ricinoleate method of throm 
bosis,66 demonstrated the protective action of dicumarol in the three- and six-day experimental 
animal groups; in their series, the incidence of thrombus formation was mueh less than in 
the untreated controls. Others? have shown that the administration of dicumarol decreases 
considerably the tendency to thrombosis in veins which have been erushed over an intraluminal 
silk thread. When blood was trapped in portions of the jugular and femoral veins, delayed 
thrombosis was apparent in diecumarolized dogs. When thrombosis did oceur, the elot was 


softer and more friable than in the control animals.54 
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COMMENT 


The experiment which is herein reported represents the logical step in the 
progressive series of attempts to elucidate the effect of the anticoagulants on 
the in vivo thrombus. Our knowledge, thus far, indicates that in the presence 
of heparin all clots undergo solution if they are in the sludge stage. This is not 
true of dicumarol because of the time lag between the administration of the drug 
and the effective prolongation of the prothrombin time, However, beyond this 
initial stage both anticoagulants effectively caused resumption of elinieal pateney 
in a considerable number of veins which were occluded by clots for four days 
or longer, even up to two weeks in duration. This effect is at variance with the 
commonly accepted knowledge of thrombus behavior. We are at a loss to explain 
adequately the solution of a thrombus whose individual platelets appear to have 
lost their microscopic identity. However, since it has been pointed out that the 
agglutination of platelets is due to the presence of an adhesive agent which is 
not formed fibrin,*’ and since some workers have been unable to demonstrate 
the precipitation of fibrin in white thrombus formation,*® it may be presumed 
that possibly physical or physiochemical factors of which we are as yet unaware 
play a role. <A possible lead in this direction may be derived from studies of 
the clot resistance in tails of dicumarolized mice.*’ In this experiment it was 
thought that the hemorrhagic condition induced by dicumarol might not be 
hased solely on the prolonged coagulation and prothrombin times or on the 
decreased firmness of the clot but on the marked eapillary dilatation. This 
widening of the vessels may contribute in a purely physical sense to the initially 
decreased clot resistance. Thus, small areas may break off beeause of the impact 
of an increased volume of blood and may lodge elsewhere in the body. Beeause 
of the lack of coagulability of the blood, these small emboli retain their minute 
size, are unable to propagate, and thus are rendered innocuous, regardless of 
where they may lodge. On the other hand, since clotting is essentially a physio- 
chemical process which is theoretically reversible, the preponderance of the 
equation factors directed against clotting, by virtue of the excessive amounts 
of circulating anticoagulant material (or its physiologie equivalent), may pos- 
sibly render into solution a clot which has not yet become organized. 

Coneerning the relative efficaey of heparin and dieumarol, we favor the 
former. Although this may be attributed to our extensive experience with 
heparin, we nevertheless have found that it is easier to work with (in the Pitkin 
menstruum), has more predictable anticoagulant levels, is safer, and requires a 
less elaborate laboratory cheek to maintain safe and effective anticoagulation 


esponses. The action of heparin is more prompt, as a result of which all clots 
undergo resolution if they are in the sludge stage. This is not always the ease 
ith dieumarol beeause of the time lag between administration of the drue and 
elective prolongation of prothrombin time. The degree of collateralization 
pears greater with heparin. 
SUMMARY 


The mechanism of clot formation and the blocking action of the anti- 
eoagulants heparin and dicumarol are critically reviewed. 
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A comparative study was made of the properties and merits of heparin and 
dicumarol. The relative ability of these anticoagulants to (a) prevent clotting, 
(b) resolve thrombi, and (¢) promote an effective vascular by-pass was evaluated. 

On the basis of this comparative study it would appear that heparin is 
superior to dieumarol. 

REFERENCES 


l. Loewe, L., and Hirseh, E.: Heparin in the Treatment of Thromboembolie Disease, J. A. 
M. A. 133: 1263, 1947. 

Y. Zahn, F. W.: Untersuchungen iiber Thrombose Bildung der Thromben, Virehow’s Arch. 
f. path. Anat. 62: 81, 1875. 

Eberth, J. C., and Schimmelbuseh, C.: Experimentelle Untersuchungen uber Thrombose, 
Virchow’s f. Arch. path. Anat. 103: 39, 1SS6. 

4. Welch, W. H.: Papers and Addresses, vol. 1, Baltimore, 1920, Johns Hopkins Press, 
p. 110. 

5. Zurhelle, E.: Experimentelle Untersuchungen iiber die Beziehungen der Infektion und 
der Fibringerinnung Zur Thrombenbildung im Stromenden Blut, Beitr. z. path. 
Anat. u. z. allg. Path. 47: 539, 1910. 

6. Murray, G. W. D., Jaques, L. B., Perrett, T. S., and Best, C. H.: Heparin and Throm 
bosis of Veins Following Injury, Surgery 2: 163, 1937. 

7. Rabinovitch, J., and Pines, B.: Effect of Heparin on Experimentally Produced Venous 
Thrombosis, Surgery 14: 669, 1943. 

S. Hirsch, E., and Loewe, L.: A Method for Producing Experimental Venous Thrombosis, 
Proc. Soc. Exper. Biol. & Med. 63: 569, 1946. 

9, Loewe, L., Rosenblatt, P., and Lederer, M.: A New Method of Administering Heparin, 
Proe. Soe. Exper. Biol. & Med. 50: 53, 1942. 

10. Loewe, L., and Rosenblatt, P.: A New Practical Method for Subeutaneous Adminis 
tration of Heparin; Preliminary Report, Am. J. M. Se. 208: 54, 1944. 

11. Loewe, L., Rosenblatt, P., and Hirsch, E.: Venous Thromboemboliec Disease, J. A. M. A. 
1390: 386, 1946. 

12. Gradwehl, R. B. H.: Clinical Laboratory Methods, ed. 3, St. Louis, 1948, C. V. Mosby 
Company, p. 514. 

iS: Campbell, H. A., Smith, W. K., Roberts, W. L., and Link, K. P.: Studies on Hemor 
rhagie Sweet Clover Disease; Bioassay of Hemorrhagic Concentrates by Following 
Prothrombin Level in Plasma of Rabbit Blood, J. Biol. Chem. 138: 1, 1941. 

14. Overman, R. S., Stahmann, M. A., Sullivan, W. R., Huebner, C. F., Campbell, H. A.., 
and Link, K. P.: Studies on Hemorrhagic Sweet Clover Disease; Effeet of 3,3’ 
Methylenebis (4-Hydroxycoumarin) on Prothrombin Time of Plasma of Various 
Animals, J. Biol. Chem. 142: 941, 1942. 

15. Baumann, C. A., Field, J. B., Overman, R. S., and Link, K. P.: Studies on Hemorrhagic 
Sweet Clover Disease Induced Vitamin C Exeretion in Rat and Its Effeet on 
Hypoprothrombinemia Caused by 3,3’-Methvlenebis (4-Hydroxyeoumarin), J. Biol. 
Chem. 146: 7, 1942. 

16. Stahmann, M. A., Huebner, C. F., and Link, K. P.: Studies on Hemorrhagie Sweet 
Clover Disease; Identification and Synthesis of Hemorrhagie Agent, J. Biol. 
Chem. 138: 513, 1941. 

17. Bingham, J. B., Mever, O. O., and Pohle, F. J.: Studies on Hemorrhagie Agent, 3,3’ 
Methylenebis (4-Hydroxyeoumarin); Its Effect on Prothrombin and Coagulation 
Time on Blood of Dogs and Humans, Am. J. M. Se. 202: 563, 1941. 

18. Rose, C. L., Harris, P. N., and Chen, K. K.: Toxicity of 3,3’-Methylenebis (4-Hydroxs 
eoumarin), Proe. Soe. Exper. Biol. & Med. 50: 228, 1942. 

19. Wakim, K. G., Chen, K. K., and Gatch, W. D.: Immediate Effects of 3,3’-Methyvlenebis 
(4-Hydroxyeoumarin) on Experimental Animals, Surg., Gynec. & Obst. 76: 325, 
1943. 

20. Quick, A. J.: Coagulation Defect in Sweet Clover Disease and in Hemorrhagie Chick 
Disease of Dietary Origin; Consideration of Source of Prothrombin, Am. J. Physiol 
118: 260, 1937. — 

21. MeLean, J.: The Thromboplastic Action of Cephalin, Am, J. Physiol. 41: 250, 1916 

22. Howell, W. H.: The Coagulation of Blood, Harvey Lectures, Series XIT, p. 272, 1916 

i917. 

Howell, W. H., and MeDonald, C. H.: Note on Effect of Repeated Intravascular Inje: 

tions of Heparin, Bull. Johns Hopkins Hosp. 46: 365, 1930. 

24. Reed, C. I.: Practical Uses of Heparin, J, Las. & CLIN, MED, 14: 248, 1928. 

25. Quick, A. J.: Anticoagulants Effective in Vivo With Special Reference to Hepari 
and Dieumarol, Physiol. Rev. 24: 297, 1944. 











$2 
$5, 


ACTION OF HEPARIN AND DICUMAROL ON IN VIVO CLOT 731 


Quick, A. J.: The Hemorrhagic Diseases and the Physiology of Hemostasis, ed. 1, 
Springfield, 1942, Charles © Thomas. 

Brinkhous, K. M., Smith, H. P., Warner, BE. D., and Seegers, W. H.:; Inhibition of 
Blood Clotting Identified Substance Whieh Acts in Conjunction With Heparin to 
Prevent Conversion of Prothrombin Into Thrombin, Am. J. Physiol, 125: 683, 1939. 


- Quick, A. J.; Action of Heparin and Its Relation to Thromboplastin, Am, J. Physiol. 


115: 317, 1936. 

Chargaff, E., Bancroft, F. W., and Stanley-Brown, M.: Studies on Chemistry of Blood 
Coagulation; Measurement of Inhibition of Blood Clotting; Methods and fnits, 
J. Biol. Chem. 115: 149, 1936. 


53: 222, 1946. 


1. Jorpes, J. E.: Anticoagulant Therapy in Thrombosis, Edinburgh M. J. 53: 


Shionoya, T.: Studies in Experimental Extracorporeal Thrombosis, J. Exper. Med. 46: 
13, 1927. 

Wright, H. P.: Adhesiveness of Blood Platelets in Rabbits Treated With Dieumarol, 
J. Path. & Bact. 57: 382, 1945. 

Baronofsky, I. D., and Quick, A. J.: Heparin and Agglutination of Platelets in Vivo, 
Proe. Soe, Exper. Biol. & Med. 53: 173, 1943. 

Copley, A. L., and Robb, T. P.: Studies on Platelets; Effect of Heparin on Platelet 
Count in Vitro, Am. J. Clin. Path. 12: 416, 1942. 

Best, C. H., Cowan, D., and MaeLean, D. L.: Heparin and Formation of White 
Thrombi, J. Physiol. 92: 20, 1938. 

Apitz, K.: Ueber den Bau jiingster Blutpliittchenthromben und den Einfluss des 
Novirudins auf ihre Entstehung, Centralbl. f. allg. Path. u. path, Anat. 50: 9, 1930. 

Solandt, D. Y., and Best, C. H.: Time-Relations of Heparin Action on Blood Clotting 
and Platelet Agglutination, Lancet 1: 1042, 1940, 

Wright, H. P.: Adhesiveness of Blood Platelets in Normal Subjects With Varying 
Concentrations of Anti-coagulants, J. Path. & Bact. 53: 255, 1941. 

Solandt, D. Y., Nassim, R., and Best, C. H.: Production and Prevention of Cardiac 
Mural Thrombosis in Dogs, Lancet 2: 592, 1939. 

Murray, G. W. D., and Janes, J. M.: Prevention of Acute Failure of Circulation Follow 
ing Injuries to Large Arteries; Experiments With Glass Cannulae Kept Patent 
by Administration of Heparin, Brit. M. J. 2: 6, 1940. 

Solandt, D. Y., and Best, C. H.: Heparin and Coronary Thrombosis in Experimental 
Animals, Lancet 2: 130, 1938. 

Best, C. H.: Heparin and Thrombosis, Proc. Inst. Med. Chicago 12: 210, 193s, 

Loewe, L., Hirsch, E., and Grayzel, D. M.: The Action of Heparin on Experimental 
Venous Thrombosis, Surgery 22: 746, 1947. 

Knisely, M. H., and Bloch, E. H.: Microscopic Observations of Intravasculat Aggluti 
nation of Red Cells and Consequent Sludging of the Blood in Human Diseases, 
Anat. Ree. (Supp.) 82: 426, 1942. 

Knisely, M. H., and Bloch, FE. H.: Intravascular Agglutination of Erythrocytes in 
Disease, Paper Delivered at the Meeting of the Chicago Path. Society, Nov. 13, 
1944. 

Knisely, M. H., Eliot, T. S., and Bloch, FE. H.: Sludged Blood in Traumatie Shock, 
Arch. Surg. 51: 220, 1945. 

Lange, K., Boyd, L. J., and Loewe, L.: The Functional Pathology of Frostbite and the 
Prevention of Gangrene in Experimental Animals and Humans, Science 102: 
151, 1945. 

Lange, K., and Loewe, L.: Subcutaneous Heparin in the Pitkin Menstruum for the 
Treatment of Experimental Human Frostbite, Surg., Gynec. & Obst. 82: 256, 1946. 

Schofield, F. W.: Damaged Sweet Clover; The Cause of a New Disease in Cattle 
Simulating Hemorrhagie Septicemia and Blackleg, J. Amer, Vet. Med. Ass. 64: 
553, 1923. 

Roderick, L. M.: Problem in Coagulation of Blood; ‘‘Sweet Clover Disease in Cattle,’’ 
Am. J. Physiol. 96: 413, 19381. 

Campbell, H. A., and Link, K. P.: Studies on Hemorrhagie Sweet Clover Disease; 
Isolation and Crystallization of Hemorrhagie Agent, J. Biol. Chem. 138: 21, 1941. 

Huebner, C. F., and Link, K. P.: Studies on Hemorrhagic Sweet Clover Disease; Syn 
thesis of 6-diketone Derived From Hemorrhagic Agent Through Alkaline Degrada 
tion, J. Biol. Chem. 138: 529, 1941. 

Campbell, H. A., Roberts, W. L., Smith, W. K., and Link, K. P.: Studies on the Hemor 
rhagic Sweet Clover Disease: I. The Preparation of Hemorrhagic Concentrates, 
J. Biol. Chem. 136: 47, 1940. 

Bollman, J. L., and Preston, F. W.: Effects of Experimental Administration of Dicou 


marin; 3,3’-Methylenebis (4-Hydroxyeoumarin), J. A. M. A. 120: 1021, 1942. 








a. 


LOEWE, HIRSCH, GRAYZEL, AND KASHDAN 


Butt, H. R., Allen, E. V., and Bollman, J. L.: Preparation From Spoiled Sweet Clover 
(3,3'-Methylenebis (4-Hydroxycoumarin Which Prolongs Coagulation and Pro 
thrombin Time of Blood; Preliminary Report of Experimental and Clinical Studies, 
Proc. Staff Meet., Mayo Clin. 16: 388, 1941. 

Allen, Ek. V., Barker, N. W., and Waugh, J. M.: Preparation From Spoiled Sweet Clover 
3,3’-Methylenebis (4-Hydroxycoumarin Which Prolongs Coagulation and Pro 
thrombin Time of Blood; Clinieal Study, J. A. M. A. 120: 1009, 1942. 

Wright, I. S., and Prandoni, A.: The Dicoumarin 3,3’-Methylenebis (4-Hydroxyecou 

a marin) Its Pharmacologic and Therapeutic Action in Man, J. A. M. A. 120: 1015, 
1942, 

Lehman, J.: Effeet of Coumarin and Dicoumarin Derivatives on Prothrombin Level, 
Lancet 1: 458, 19435. 

Prandoni, A., and Wright, I. S.: Anti-coagulants; Heparin and the Dicoumarin 3,3’ 
Methvlenebis (4-Hydroxycoumarin), Bull. N. Y. Aead, Med. 18: 485, 1942. 

Wright, H. P.: Changes in Adhesiveness of Blood Platelets Following Parturition and 
Surgical Operations, J. Path. & Bact. 54: 461, 1942. 

Spooner, M., and Meyer, O. O.: Influence of Dicoumaro] on Platelet Adhesiveness, |). 
Las. & CLIN. MED. 30: 390, 1945. 

Spooner, M., and Meyer, O. O.: Effeet of Dicumarol (35,3’-Methylenebis (4-Hydroxy 
coumarin on Platelet Adhesiveness, Am, J. Physiol, 142: 279, 1944. 

Dale, D. U., and Jaques, L. B.: Prevention of Experimental Thrombosis by Dicoumarin, 
Canad. M. A. J. 46: 546, 1942. 

Thill, C. J., Stafford, W. T., Spooner, M., and Mever, O. O.: Hemorrhagie Agent 3,3’ 
Methylenebis (4-Hydroxycoumarin), Its Effeet in Prevention of Experimental 
Thrombosis, Proc. Soe. Exper. Biol. & Med. 54: 333, 1943. 

Richards, R. K., and Cortell, R.: Studies on Anticoagulant 3,3’-Methyvlenebis (4 
Hydroxyeoumarin), Proc, Soc. Exper. Biol. & Med. 50: 237, 1942. 

Murray, G. W. D., and Best, C. H.: Use of Heparin in Thrombosis, Ann, Surg. 108: 
163, 1938. 

Lalich, J. J., and Copley, A. L.: Clot Resistance in Mice and Mechanism of Hemostasis, 
Arch. Surg. 46: 224, 1943. 








THE EFFECT OF DIETHYLSTILBESTROL ON BLOOD LIPIDS AND 
THE DEVELOPMENT OF ATHEROSCLEROSIS IN CHICKENS ON A 
NORMAL AND LOW FAT DIET 


L. Horuicx,* M.D., anp L. N. Katz, M.D. 
Cricaco. Tut. 


HK oceurrence of large eyelie changes in the caleium, phosphorus, and 


lipids of the blood in egg-laying vertebrates during periods of egg produc. 
tion is a well-known phenomenon. The literature bearing on this subject has 
heen amply reviewed by Riddle’ and by Gardner and Pfeiffer?) The variations 
are considerable, amounting to a threefold increase in caleium,?? phosphorus,* ° 


s 


and lipids® ?°-?5 during the egg-laying state. Lorentz, Entenman, and Chaikoff® 
showed that the increase in the blood lipids consisted of changes in the neutral 
fat, phospholipid and free cholesterol fractions. 

Riddle* was the first to suggest that the ovarian hormone was in all likeli- 
hood responsible for this increase in blood calcium, phosphorus, and lipids in 
the laying bird. With the advent of estrogenic substances, it was found* * 74 
that administration of these substances resulted in marked increases in the blood 
calcium, phosphorus, and lipids, duplieating the changes which occurred eveli- 
cally during the egg-laving period. These changes can also be induced in the 
male of the species by the exhibition of estrogenic substances. The changes 
described have now been observed by many workers using natural and synthetic 
estrogens given both orally and parenterally.!°"* ?° Gonadotropins also cause 
an inerease in the blood levels of calcium, phosphorus, and lipids.?® 

In 1946, Lindsay, Lorenz, Entenman, and Chaikoff'* reported that they had 
heen able to produce hyperlipemia and atheromatosis in chickens by implanting 
pellets of diethylstilbestrol. They employed cockerels whieh were more than 
3 months of age at the beginning of the experiment and sacrificed them after 
six to seven months so that their animals were approximately 9 to 10 months of 
age at the conclusion of the experiment. 

Dauber’? has shown that spontaneous atherosclerosis occurs in chickens 
after 5 months of age and becomes increasingly frequent with increasing age of 
the animals. While the lesions which she described were predominantly in the 
abdominal portion of the aorta and those described by Lindsay and co-workers" 
were predominantly in the thoracic aorta, nevertheless the possibility exists that 
the results obtained by Lindsay and co-workers may have been due to spon- 
taneous lesions arising because of the age of the chickens at the time they were 
sacrificed. 

Therefore we have repeated the stilboestrol experiment using youne birds 
6 weeks of age at the beginning of the experiment which were sacrificed when 
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the birds were approximately 6 to 7 months of age. Thus we attempted to 
obviate the possibility that the lesions observed were of the spontaneous variety 
deseribed by Dauber. In addition we investigated the effect of stilboestrol on 
cockerels maintained on a diet very low in fat and cholesterol. During the 
course of this study we were able to make observations on the effect of a low 
fat diet on the blood cholesterol of the chicken and on the occurrence of the 
spontaneous variety of atherosclerosis in these animals. The latter observations 
are in the nature of a preliminary report, as the effect of a low fat diet on the 
occurrence of atherosclerosis is under long-term investigation in our laboratory 


at the present time. 
PROCEDURI 


Thirty-six white Leghorn cockerels 6 weeks of age at the beginning of the 
experiment were used. Ten were maintained as controls and received chick 
starter mash and water ad libitum. An additional six birds were maintained on 
chick starter mash and water, and pellets of diethylstilbestrol,* 25 mg. each, 
were implanted subcutaneously at the beginning of the experiment and four 
and eight weeks later. The remaining twenty birds were maintained on a diet 
of chick starter mash from which fat and cholesterol had been extracted by a 
commercial degreasing process emploving aleohol and ether. The fat content 
was reduced from 4.4 per cent to approximately 0.3 per cent.t The extracted 
mash was dry and powdery, and & per cent water was added. To veplace the 
caloric value of the fat removed, 5 per cent sucrose was added.'" To compensate 
for the destruction of vitamins in the process, supplements were added. The 
weekly supplements were as follows: vitamin A, 3,600 [.U.. vitamin D,, 540 
A.O.A.C, units, vitamin E, 90 me.. vitamin B, 27 Gm. of brewers’ yeast.**3 
The fat-soluble vitamins were given in very highly concentrated form in a few 
drops of cottonseed oil twice a week. The veast, which contained 5.8 per cent 
of fat, was mixed with the feed once a week. 

Diets of similar composition have been found not to retard the growth of 
chicks for periods of fourteen weeks.’° Eleven of the twenty birds were main- 
tained as controls and nine received implants of stilboestrol pellets. In three, 
the pellets were not implanted until the animals had been on the low fat diet 
for almost one month. In the other six, the pellets were implanted at the be- 
vinning of the experiment and at four and eight weeks thereafter. Surviving 
animals were sacrificed when 25 to 30 weeks of age, or after nineteen to twenty- 
four weeks on their respective diets. Hearts and aortas were carefully disseeted 
out and examined grossly for the presence of atheromatous changes. Lesions 
were graded from 0 to 4 on an empirical basis for severity of atherosclerosis.*' 
Several of the aortas were sectioned and examined microscopically. Blood was 
drawn from the alar vein at three-week intervals, and total cholesterol deter- 
minations were made by the method of Schoenheimer and Sperry. 

*The stilboestrol was generously supplied by Eli Lilly & Company, Indianapolis, Ind. 


7We are indebted to The Armour Laboratories, Chicago, Ill... for degreasing large quanti 
ties of mash. 


tWe are indebted to Lederle Laboratories, Inc., New York, N. Y., for our vitamin supply 
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RESULTS 

Atherosclerosis of the Aorta. 

Normal Controls: Ten birds were maintained on chick starter mash and 
water for periods ranging from two to twenty-five weeks. One died after two 
weeks, one after seventeen weeks, two after eighteen and one-half weeks, four 


TABLE I. ARTERIOSCLEROSIS IN CONTROL CHICKENS FED ORDINARY CHICK STARTER MASH AND 
WATER AbD LIBITUM 


AGE AT TIME OF DEGREE OF ATHEROMA OF AORTA LIVER, PRESENCE OF 
WEEKS FED DEATH (WK.) PHORACIC ABDOMINAL EXCESS FAT 
2 8 0 0 Q 
17 26 0 0 0) 
183 94 4 0 l () 
23) 294 } 0 
1S 941 ) l 0 
25 Se () rf) 0 
19 95 0 ) 0) 
19 95 0) 0 0) 
19 95 0 A 0 
19 Zo 0 0 0 


after nineteen weeks, and one each after twenty-three and one-half and twenty 
five weeks on the plain mash diet. Four of the birds showed gross atheromatous 
lesions of the aorta. One of the four had a minor lesion in the thoracic aorta 
(grade 14), and all four had moderate lesions of the abdominal aorta (grade 1% 
of the type deseribed by Dauber’ as tvpieal for spontaneous atherosclerosis. 
Ordinary Mash Plus Stilboestrol Implants: Six birds were maintained on 
chick starter mash and had three 25 me. pellets of stilboestrol implanted at 
four-week intervals. One animal died after twelve weeks on this diet; the heart 
and aorta were not examined. One bird died after nineteen weeks, and the 
remaining four were sacrificed after twenty-three weeks on this diet. The 
chicken which died after nineteen weeks of feeding had no lesions of the aorta. 
The remaining four birds had atheromatous lesions of varying degrees of sever 
itv. Three had lesions in both the thoracic and abdominal portions of the aorta, 
TABLE II. ARTERIOSCLEROSIS IN CHICKS FED ORDINARY CHICK STARTER MASH AND WATER 


Ap LIBITUM AND IN WHICH 25 MG. PELLETS OF STILBOESTROL WERE [IMPLANTED AT 
THREE- TO FoOUR-WEEK INTERVALS 


AGE AT TIME OF |_ DEGREE OF ATHEROMA OF AORTA LIVER, PRESENCE OF 
WEEKS FED DEATH (WK. ) THORACIC ABDOMINAL EXCESS FAT 

12 18 : we F 

19 25 0) 0 () 

23 29 L i) () 

23 29 ° 0 

234 294 2 2 I 

234 293 ] ] 0 


KF, Fatty liver. 
Aorta lost. 


nd one had lesions in the thoracic portion of the aorta only. The lesions were 
ioderately severe, grading from 14 to 2. A representative autopsy protocol on 
ie bird is presented: Heart and aorta—the mitral and aortie valves were 
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TABLE III. ARTERIOSCLEROSIS IN CONTROL CHICKS FED Low Far CHICK STARTER MASH 
SUPPLEMENTED WITH VITAMINS A, B, D, AND E 


AGE AT TIME OF DEGREE OF ATHEROMA OF AORTA | LIVER, PRESENCE OF 
WEEKS FED DEATH (WE. ) j THORACIC ABDOMINAT | EXCESS FAT 

1] 17 0 0 0 

184 2443 0 0 0 

181 241 () () 0 
231 291 0) 0) 0 

221 29) () () () 

“yi Q 0 {) 0 

19 25 () () Ss. I. 
19 25 ft) () if) 

19 95 0 Gj if 

19 95 0 () rf) 

19 95 0 0 () 


S.F., Slightly fatty liver. 


somewhat thickened and showed very fine pin-point yellow deposits in their 
substance. The brachiocephalic arteries and the thoracie aorta were thickened, 
and there were elevated yellow patches in both. There was a fine pin-point vel- 
iow plaeque running trom the origin of the renal arteries to the bifurcation of 
the aorta. 

Low Fat Diet Controls: Eleven chickens were maintained on the low fat 
diet described. Of these, one died after three weeks and another after eleven 
weeks on this diet. The remaining birds survived from eighteen and one-half 
to twenty-three and one-half weeks of feeding. None of the animals in this 
eroup showed any evidence of gross atheromatous lesions of the aorta. 

Low Fat Diet Plus Stilboestrol Implants: Three chickens died early in the 
course of the experiment, at one, two and one-half, and six weeks of feeding. 
Three were sacrificed after nineteen weeks ot feeding and three after twenty 
three weeks of feeding. Five chickens showed atheromatous lesions of the 
aorta. Of the three chickens which were maintained on the low fat diet for 
one month prior to implantation of stilboestrol, two showed lesions of the aorta 
Of the six in which the implantation was done at the same time that the animals 
were first placed on the low fat diet, three showed lesions. Two of the six 
died too early following the implantation to be considered as having had any 
lipemia as a result of the implantation. Considering the group as a whole, three 


TABLE LV. ARTERIOSCLEROSIS IN CHICKENS FED LOW Fat CHICK STARTER MASH 
SUPPLEMENTED WITH VITAMINS A, B, D AND E; 25 MG. PELLETS OF STILBOESTROL WERE 


IMPLANTED AT THREE- TO FOUR-WEEK INTERVALS 





AGE AT TIME OF DEGREE OF ATHEROMA OF AORTA LIVER, PRESENCE OF 
WEEKS FED DEATH (WK.) THORACIC ABDOMINAI EXCESS FAT 

23 Pg 0 1 ry 
334 29 0 6 F 
} 293 ; 4 0 
] 7 } 0 0) 
9 8} 0 0 0 
6. 13 4 0 F 
19 25 4 L K 
19 25 1 1 0) 

19 25 0 0 S. F. 


F, Fatty liver. 
S.F., Slightly fatty liver. 
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hirds had lesions in both the thoracic and abdominal aorta, and of the other 
two, one had lesions in the thoracie portion and one in the abdominal portion 
of the aorta. The lesions were slight, grading from 1, to 1, and consisted ot 
flat, nonraised yellow areas, and whitish areas. 
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Summary: The low fat control birds showed no eross atherosclerotic lesions 
of the heart or aortas, while atheromatous lesions were seen in five of the 
chickens in the low fat, stilboestrol implant group. There were lesions in 80 
per cent of the chicks receiving ordinary mash with stilboestrol implants, while 
40 per cent of the control birds on ordinary mash and water showed lesions. 
The lesions in the control group were almost entirely in the abdominal portion 
of the aorta, whereas those seen in the stilboestrol implanted groups were present 
in both the thoracic and abdominal aorta and were most prominent in the 
thoracic portion of the aorta. 

Fatty Livers.—Fatty livers were observed in two of the animals on the 
normal diet with stilboestrol implants and in three in the low fat, stilboestrol 
group. None of the normal controls had a fatty liver, but one of the low fat 
controls had a very slightly fatty liver. 

Body Weight—It was observed that the birds on the normal mash diet 
with stilboestrol implants were considerably heavier than the normal controls, 
and on autopsy there was a great deal of fat in the tissue depots. The birds 
on the low fat diet with stilboestrol implants were somewhat lighter than the 
low fat controls, and both groups were lighter than the normal controls. All 
birds in the low fat group had very little depot fat. 

Blood Cholesterol Levels —In Fig. 1 we have plotted average blood choles- 
terol levels for the four groups of birds in this experiment. The value for the 
low fat stilboestrol group is made up of the values from the three birds which 
were on the low fat diet for one month prior to implantation. It will be seen 
that these values are higher than those obtained when.the implantation was 
done at the same time that the animals were placed on the low fat diet (Table 


V). 


TABLE V. CouRSE OF AVERAGE TOTAL SERUM CHOLESTEROL IN MILLIGRAMS PER CENT IN 
VARIOUS GROUPS 


DATE 
GROUP 2/10 o/17 1/7 1/14 $/25 9/19 6/16 7/14 
Normal diet controls SS 114 119 G4 109 
Low fat diet controls 4 112 149 111 205 
Normal diet stilboestrol implants Qi) 168 1036 1845 298 
Low fat diet stilboestrol implants 113 173 812 1292 411 
DATE 
8/22 | 9/22 10/20 | 11/14 | 12/15 
Low fat diet stilboestrol implantst SS 167 647 729 544 


*Pellets implanted after four weeks on low fat diet; pellet implantations: 3/25, 4/25, 5/23. 
7Pellets implanted at commencement of low fat diet; pellet implantation: 8/22, 9/22, 10/20. 


A possible explanation of this discrepancy is found in the work of Riddle 
and Senum' who found marked fluctuations from day toda’ in the blood lipids 
of birds treated with estrogenic substances. 

The blood cholesterol levels for the normal control group and for the low 
fat control group were relatively stable during the experimental period. The 
latter group tended to show blood cholesterol levels somewhat higher than those 
for the normal control group. In the stilboestrol implanted birds, the first eleva- 
tion of blood cholesterol was observed approximately four weeks after the first 
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TABLE VI. CHANGES IN Bopy WEIGHTS IN POUNDS IN VARIOUS GROUPS 


DAT 
GROUP 2/10 1/30 5/24 6/24 7/16 
Normal diet controls 1.50 1.36 1.35 3.97 1.44 
Low fat diet controls 1.50 2.80) aa Bt 3.44 
Normal diet stilboestrol implants 1.50 1.69 £40) ST £.98 
Low fat diet stilboestrol implants 1.0) 2.90 o.10 ool) 3.20 
DAT I 
8/25 9/25 L0/Z5 1 1/5 
Low fat diet stilboestro] implantst 1.50 2.00 5.00 ol 
Low fat diet controls 1.50 2.30 3.40 3.00 
Normal diet controls 1.50) 2.70 O40 £.00 


*Pellet implanted after four weeks on low fat diet, 
7Pellet implanted at start of low fat diet. 


implantation of stilboestrol pellets and reached its peak four weeks after the 
third and last implant. A peak value of 1,800 me. per cent of cholesterol was 
observed for the normal diet, stilboestrol implant birds and of 1,800 me. per cent 
for the low fat, stilboestrol implant birds. The blood cholesterol fell sharply 
from the peak values reached and approached normal levels within four weeks. 

In summary, the animals maintained on a low fat diet with vitamin supple- 
ments showed a tendeney to slightly higher blood cholesterol levels than did 
the control birds. The implantation of stilboestrol pellets resulted in a massive 
lipemia in birds on a normal and on a low fat diet. The resulting lipemia was 
greater in the birds on the normal diet. Depleting body fat by maintaining the 
chickens for one month on a low fat diet prior to implantation of stilboestrol 
did not interfere with the chickens’ ability to show a marked lipemia following 
the exhibition of the stilboestrol. 


DISCUSSION 


Qur results are in accord with those of other observers who have found 
that estrogenic substances will result in a massive lipemia and hypercholes- 
terolemia in the ege-laving vertebrates, including in this case the chieken.*! 
We have been able also to confirm unequivocally the report of Chaikoff and co- 
workers'* concerning the atherosclerotogenie action of stilboestrol in the ehicken, 
Although the chickens which we used were younger than those emploved by 
Chaikoff’s group, nevertheless 40 per cent of our normal control birds showed the 
so-called spontaneous atherosclerosis in the aortas. The fact that the stilboestrol- 
treated birds showed lesions predominantly in the thoracie aorta and that their 
lesions were more severe than those in the control group makes it clear that the 
lesions in these birds were due to the action of stilboestrol and were not of the 
spontaneous type. 

We also observed that maintaining birds for a long period of time on a low 
tat diet did not result in any appreciable lowering of the blood cholesterol 
below the normal control level for this species. In facet the blood cholesterol! 
of these birds rose to levels slightly above the normal. However it is strik- 
ing that despite this these birds seemed to be conspicuously free of the spon- 
‘aneous atherosclerosis seen in control birds fed ordinary mash. 

The implantation of stilboestrol pellets in birds on a low fat diet, either at 
the commencement of this diet or after four weeks on the diet, resulted in a 
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massive lipemia only slightly lower than that elicited by stilboestrol in’ birds 
on a normal diet. Further, a high proportion of the stilboestrol implanted 
birds on the low fat diet showed atherosclerotic lesions of an induced nature, 
whereas the low fat control birds were conspicuously free of atheroma. These 
findings indicate that it is impossible in the chicken to lower the normal level 
of blood cholesterol by rigidly excluding cholesterol and fat from the diet. This 
is in agreement with the work of other observers on the chicken and on man.*! 
Further, the results indicate that under the stimulus of a substance which 
tended to produce a lipemia, chickens on a low fat diet responded almost as 
well as those on a normal diet.° Normal chickens which received stilboestrol 
showed remarkable lipid accumulations in the fat depots. Conversely, both the 
low fat controls and the low fat, stilboestrol implant birds showed a marked 
scarcity of body fat. These results indicate that under the stimulus of stil 
boestrol the chicken can mobilize and store great quantities of fat from ingested 
fats when available, and probably from carbohydrates and proteins in the diet. 
When the diet is low in fat, the sources of the Hpemia are probably the body 
stores of lipids, and then the intermediate substances in carbohydrate and pro- 
tein metabolism. This process is not seriously interfered with by preliminary 
depletion of fat by means of a low fat diet. Bloch and co-workers*”: *’ have 
demonstrated that acetic acid can serve as a precursor for cholesterol and that 
the site of conversion is most likely in the liver. Thus both carbohydrate and 
protein can serve as precursors for cholesterol through intermediary substances 
such as pyruvie acid. 

Fleischmann and Fried! '* have presented evidence to the effeet that the 
estrogen-induced lipemia of chickens can be completely prevented by the simul- 
taneous administration of thyroid substances. They also showed that the total 
body cholesterol of estrogen-treated chickens is not greater than that of controls. 
Their experiments were of short duration and hence they were unable to ob- 
serve the very marked accumulation of depot and body fat which we observed 
in our stilboestrol implanted chickens on a normal diet. While we did not deter 
mine total body cholesterol on these animals, it is highly probable that the 
cholesterol content of the body, in common with the lipids, was elevated. 

Stilboestrol, in the egg-laying vertebrates such as the pigeon, duck, sparrow, 
and ehieken and in the egg-laying fish and frogs, results in an elevation of the 
blood cholesterol. It is also generally agreed that the plasma cholesterol of 
mammals and of women increases during pregnancy. In the pregnant women 
the increase amounts to 50 to 100 per cent over the nonpregnant concentration."' 
Stilboestrol does not have a similar action in the rat.2° Androgenie substances 
do not appear to have any clear-cut effect on the levels of the blood cholesterol.*4 

We wish to suggest the possibility that the action of the thyroid substances'” 
and estrogens is probably through the liver, by raising or lowering the thermo- 
static setting for the blood level of cholesterol.“2. The liver will maintain this 
level of blood cholesterol even in the face of a very low intake of dietary choles- 
terol and fat by synthesizing cholesterol from the other dietary substances. Thus 
it appears futile to expect that limitation of cholesterol and fat in the diet will 
lower the normal blood cholesterol level. Furthermore, if abnormal influences 
are operating to raise the blood level for cholesterol, restriction of cholesterol in 
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the diet will only partially counter this effect, because of the ability of the bod) 
to mobilize and synthesize cholesterol from other sources. Thus we observed a 
massive lipemia and cholesterolemia and the development of atherosclerosis in 
animals under the influence of stilboestrol and on a diet very low in fat. 

Stilboestrol probably acts to produce atherosclerosis through its cholester- 
olemic effect. We have previously reported?! that in chickens fed cholesterol 
the occurrence of experimental atherosclerosis is related to the occurrence of a 
hypercholesterolemia and is roughly proportional in severity to the degree of 
hypercholesterolemia present. In this experiment the lipemia observed in low 
fat, stilboestrol implant birds was less than that observed in the control diet, 
stilboestrol implant birds, and the degree of atherosclerosis observed was cor- 
respondingly less. 

It is of great interest, however, that chickens maintained on a low fat 
diet and used as controls showed no gross atheroma whatsoever during the ex- 
perimental period, whereas a group of controls on normal mash showed a 40 
per cent incidence of atheromatous lesions. This finding occurred in spite of 
the fact that the blood cholesterol levels of the low fat birds were slightly higher 
than those of the normal controls. We do not wish to present this preliminary 
finding as more than suggestive. Our final conclusion on this point must await 


termination of the long-term, as vet uncompleted experiment now in progress. 


SUMMARY 


The implantation of stilboestrol pellets resulted in a marked hyperlipemia 
and hypercholesterolemia in chickens on a normal diet and on a specially pre- 
pared low fat diet. 

The cholesterolemia observed in the stilboestrol implanted chickens on the 
normal diet was somewhat higher than that observed in the animals on the low 
fat diet. 

The control animals on the low fat diet showed levels of blood cholesterol 
slightly higher than those of the normal controls. 

Atherosclerosis of the induced type was observed in a high proportion of 
the stilboestrol-treated chickens in both the normal diet and low fat diet groups. 

Spontaneous atherosclerosis occurred in 40 per cent of the normal control 
animals and in none of the controls on the low fat diet. 

A concept of the mechanism of stilboestrol action and of the control of the 
normal blood cholesterol is presented. 

We are indebted to the technical staff of the Department who were vital in the execution 
of this study. 
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EFFECTS OF TETRAETHYLAMMONIUM CHLORIDE ON BLOOD 
FLOW IN THE EXTREMITIES OF MAN 


OweEN L. SLAUGHTER, M.D..* Hucsu S. Brown, M.D..* Anpb 
KHaLIE G. Wakim, M.D., Px.D.4 
ROCHESTER, MINN, 


LTHOUGH the vasodepressor effects of the tetraethylammonium ion had 

been observed vears ago by Marshall! and by Trendelenburg,? the site of 
action was not known until recently. Acheson and Moe* and Acheson and 
Pereira‘ in 1946 showed that the drug caused its effeet not by action on the heart, 
vascular smooth muscle, or medullary vasomotor centers, but by blocking the 
vanglia in the efferent pathways of the sympathetic vasoconstrictor nerves. 
Acheson and Moe* measured the blood flow in the femoral artery of the dog by 
means of a flow cannula and a differential manometer. They found that while 
the intra-arterial injection of tetraethylammonium chloride caused no increase 
in blood flow, the intravenous injection caused a marked increase in blood flow. 
serry and associates’ showed that tetraethvlammonium chloride caused a rise of 
skin temperature in man equal to, or greater than, that caused by sympathetic 
block. By the use of the plethysmograph, Coller and associates® demonstrated 
an inerease in peripheral blood flow following intravenous administration of 
tetraethylammonium chloride to patients suffering from various vascular and 
allied disorders. In one subject the blood flow in the foot mereased from 0.24 
to 5.2 @.e. per minute per 100 Gm, of tissue following the intravenous administra- 
tion of 500 me. of tetraethylammonium chloride. 

The purpose of this study was to determine the effect of tetraethylammonium 
chloride on the blood flow in the upper and lower extremities of healthy human 
beings in a relatively warm environment (temperature ranging between 80 and 
85°F.) and to establish a basis for comparison with subsequent studies on vari- 
us abnormalities of the vascular system in patients. 

Seven healthy young adults, four men and three women whose ages ranged 

‘rom 22 to 30 vears and whose weights ranged from 118 to 190 pounds (53.5 to 
‘6.2 kilograms), were studied. The room temperature varied from day to day 
tween 80 and 85° F., but it did not vary more than 1° F., during any single 
eriod of observation. The plethysmographs used in this study were those de- 
igned by Berry and associates.’ The plethysmographs were connected to c¢om- 
‘nsating spirometer recorders and blood flow curves were recorded optically. 
he arm plethysmograph included the hand and forearm to 1 inch (2.5 em.) 
ove the olecranon process, and the leg plethysmograph included the foot and 
ee to 1 ineh below the tibial tuberosity. 


Received for publication, Mar. 20, 1948s. 
*Fellow in Medicine, Mayo Foundation. 
‘Section on Physiology, Mayo Clinic. 
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The procedure employed in this study was as follows. The subjects were 
instructed not to eat or smoke for at least ninety minutes before the test. All 
four extremities were comfortably sealed in the plethysmographs and sufficient 
time was allowed for adaptation. Control determinations of blood flow were 
made for twenty to thirty minutes thereafter. Tetraethylammonium chloride 
was then administered intravenously at the rate of 100 mg. per minute. Six in- 
dividuals were given 300 mg. each and one subject, a man weighing 190 pounds, 
was given 450 mg. of tetraethylammonium chloride. The drug was given slowly 
in order to avoid unpleasant reactions such as precipitous fall in blood pressure, 
anxiety, and so forth. Blood flow was determined again immediately after com 
pletion of the injection and at regular intervals for thirty-five to forty-five 


minutes thereafter. 


(emt 


0 MIN. AFTER START 35 MIN. AFTER START 
OF INJECTION OF INJECTION 
{259 ¢.c./min. f.- 217 c.c./min 





Fig. 1.—Blood flow in the leg before and after intravenous administration of tetraethvla: 


monium chloride. 

A typical series of blood flow curves from the forearm which are representa 
tive of the changes observed in all the extremities is shown in Fig. 1. The first 
curve is a record of control flow ; the total flow was 102 ¢.c. per minute. The next 
flow curve was taken five minutes after the injection was started. It shows a blood 
flow of 314 ¢.c. per minute, a significant increase over the control flow. The next 
two curves were taken at twenty and thirty-five minutes, respectively, after th: 
injection was started; they show a gradual reduction of the augmented flow, 
it is still higher than the control value. 

The typical response to tetraethylammonium chloride is shown in Fig. 
After the control blood flow was established, 300 me. of the drug were given i 
travenously. The blood flow increased immediately and reached a maximu! 
about five to six minutes after the injection was started. The flow at the pea 
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Fig. 2.—Changes in blood flow in the upper and lower extremities as a result of intravenous 
injection of tetraethylammonium chloride. 


of the increase in the leg was 197 per cent higher than the control value. The 
flow then gradually decreased, but even at the end of the observation (thirty- 
five minutes after injection) the flow was still greater than the control. 


TABLE I. EFFECTS OF INTRAVENOUS ADMINISTRATION OF TETRAETHYLAMMONIUM CHLORIDE ON 
THE BLooD FLOW IN THE EXTREMITIES 


FLOW (C.C. PER 100 ¢.C. OF TISSUE PER MIN.) 


DOSE OF 
MAXIMUM AFTER TETRAETHY! 
TETRAETHYLAM MON- INCREASE IN FLOW AMMONIUM 
CONTROL IUM CHLORIDE (%) CHLORIDE 
SUBJECT FOREARM LEG FOREARM LEG FOREARM LEG (MG. ) 
l 7.0 oe 14.7 9.5 10] 197 300 
2 ly 1.7 3.4 5.1 100 200 300 
° 1.5 72 60 300 
} 1.7 1.S 10.0 1.0 113 123 300 
) 6.7 3.8 10.5 7.5 57 97 450 
6 5.0 : 11.0 120 = 300 
7 4.0 8.3 es 108 oie 300 
\verage 1.9 3.0 9.7 6.7 100 135 


The results obtained from study of the seven persons are summarized in 
Table I. The average blood flow in the forearms of all the subjects before the 
administration of tetraethylammonium ebloride was 4.9 ¢.c. per 100 ¢.c. of limb 
volume per minute, and it ranged from 1.7 to 7.3 eubie centimeters. After the 
injection of tetraethylammonium chloride the blood flow increased in every ease. 
The maximal inerease occurred between five and fifteen minutes after injection 

average, about nine minutes). In all the subjects the maximal blood flow in the 
forearms after the injection of tetraethylammonium chloride averaged 9.7 ¢.c. 
per 100 ¢.c. of limb volume per minute and ranged from 3.4 to 14.7 cubic centi- 
neters. This represents an average increase of 100 per cent over the control flow, 
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with a range of increase of 57 to 120 per cent. The control blood tlow in the legs 
hefore the administration of tetraethvlammonium chloride averaged 3.0 ¢.e, per 
100 ¢.c. of limb volume per minute and ranged from 1.7 to 4.5 eubie centimeters. 
After injection of the drug, the blood flow in the legs also increased in every case 
and reached a maximum at the same time as in the arms. The average maximal 
blood flow in the legs, after injection of tetraethvlammonium chloride, was 6.6 
e.e. per 100 ¢.c. of leg volume per minute; the range was from 4.0 to 9.5 eubie 
centimeters. This represents an average increase of 135 per cent over the control 
value with a range of from 60 to 200 per cent. The increased blood flow in both 
upper and lower extremities gradually regressed ; nevertheless, at the termination 
ot the observation thirty-five to forty-five minutes after the administration of 
tetraethylammonium chloride, the flow was still higher than the control value. 
A rise in cutaneous temperature accompanied the increase in blood flow. 

In addition to the changes in blood flow, the subjects experienced numbness 
and tingling, taehyeardia, a metallic taste, dryness of the mouth, and variable 


disturbances of vision with impairment of accommodation. 


SUMMARY 


The effects of intravenously administered tetraethylammonium chloride on 
the blood flow in the upper and lower extremities of healthy subjeets were 
studied plethysmographieally by the use of the compensating spirometer re- 
eorder. In the presence of vasodilatation due to a relatively warm environment 
of 80 to 85° F., tetraethylammonium chloride produced a substantial inerease in 
blood flow in the upper and lower extremities. The average increase in blood 
tlow was 100 per cent in the forearms and 135 per cent in the legs. In addition 
to the increase in blood flow, disturbances of vision with impairment of acecommo- 
dation, metallie taste and dryness of the mouth, and increase in heart rate o¢ 


curred after injection of tetraethvlammonium ehloride. 
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FALSE POSITIVE TESTS FOR SYPHILIS: A FURTHER STUDY OF 
THEIR INCIDENCE IN SPOROZOITE-INDUCED VIVAX MALARIA 
JOHN F.. Kent,* WasHincron, D. C.. Witttiam B. Cunweuu,.t G. RoBert 

CoatNry,t and W. CLARK CooPERt 
BrerHkspa, Mp. 


HE program of testing antimalarials in) prisoner volunteers which was 

initiated in 1944 by the National Institute of Health has afforded exeep- 
tional opportunities to study the causative relationship of malaria to false posi- 
tive tests for syphilis. The use of experimental sporozoite-induced infections 
has made it possible to demonstrate the absence of nonspecific serum reactions 
in large groups of selected nonsyphilitie individuals before exposure to malaria 
and to examine successive serum specimens through all stages of the disease. 
Serums have been sent to the Army Medical Department Research and Graduate 
School where they have been subjected to standard and experimental tests for 
syphilis. The first serologie studies, which were confined to flocculation tests for 
syphilis, provided material for an earlier report.’ It was found that the stand- 
ard flocculation tests in general vielded a high incidence of nonspecific reactions 
following infection with Plasmodium vivar, whereas a microfloceulation test 
with eardiolipin antigen? showed relatively few such reactions. 

In continuing these serologic studies, it has been our purpose to extend the 
investigation to complement fixation as well as flocculation tests for syphilis and 
to include certain more recently developed tests that employ cardiolipin antigens. 


MATERIALS AND METHODS 


Subjects for this study were selected from white, male volunteers}; only those indi 
iduals were considered whose preliminary examinations showed no clinical, anamnestic, 
i serologic evidence of syphilis. Successive specimens of serum were obtained from each 
olunteer before his inoculation with malaria by mosquito bite, at two to three day intervals 
luring and immediately following attacks, and at weekly intervals during periods of latency. 
The total time of study in many of the volunteers extended over a period of eighteen months. 
Nhe serums were preserved in tubes containing dried Merthiolate sufficient to give a final 
oncentration of 1 mg. per milliliter of serum. They were shipped by ordinary mail to 
the Army Medical Department Research and Graduate School where they were subjected 
'o eight serologic tests for syphilis. Four of these tests employed ordinary tissue extract 
intigens, the remainder were carried out with cardiolipin antigens. The former group 
neluded the Kahn standard test, the Kline exclusion and Mazzini microfloeculation tests, 
nd the standard Kolmer complement fixation test. The latter group consisted of the Rein 
Bossak? and VDRL2 microfloceulation tests, a Kolmer complement fixation test,4 and a 
iantitatively standardized complement fixation procedure® which has been designated the 
P. 50 test since the end point of 50 per cent hemolysis is employed in its standardization. 
total of 6,403 serums were examined in this manner; 51,224 serologic tests for syphilis 


ere performed. 

The serologic tests which form the basis for this study were performed by Robert W 
nders and Harriet M. Boyd to whom grateful acknowledgement is made. 

Received for publication, Muar, 20, 1948. 

*Department of Serology, Army Medical Department Research and Graduate School, Army 
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‘Division of Tropical Diseases, National Institute of Health. 

tFrom the Federal Correctional Institution, Seagoville, Tex. 
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RESULTS 

The present report is based upon results obtained with 104 individuals who 
experienced one or more attacks during the course of their malarial infections. 
Of this group, 78 had been infected with sporozoites of the Chesson strain of 
P. vivar, 17 with sporozoites of the St. Elizabeth strain, and 9 with sporozoites 
of both strains simultaneously. Collectively these subjeets experienced 307 at- 
tacks of malaria. 

The incidence of false positive tests for syphilis was determined from the 
number of subjects who developed persistent nonspecific reactions after infection 
with malaria. To be considered as a false positive reactor, it was required that 
an individual show reactions of plus-minus or greater in at least two successive 
serums. Of the 104 infected subjects, 75 (72 per cent) developed such false 
positive reactivity in one or more tests at some time during the course of the 
disease. This composite group represented 51 (65 per cent) of those infeeted 
with the Chesson strain, 15 (S88 per cent) of those infeeted with the St. Eliza- 
heth strain, and 9 (100 per cent) of those infected with both strains. The num- 
her of individuals included in the last two groups was too small to permit aeeu- 
rate conclusions regarding the relative incidence of false positive reactors. The 


TABLE I. RESULTS OBTAINED IN EIGHT SEROLOGIC TESTS FOR SYPHILIS USING SUCCESSIVI 
SERUMS DRAWN BEFORE, DURING, AND AFTER A PRIMARY ATTACK OF SPOROZOITE-INDUCED 
CHESSON STRAIN VIVAX MALARIA 


DAY TESTED, 


RELATIVE TO KAIIN KLINE MAZZINI KOLMER KOLMER E.P. 50 
EXPOSURE STAND EXCLU FLOCCI STAND REIN CARDIO CARDIO 
DATE (DAY 0) ARD SION LATION ARD BOSSAK VDRI LIPIN LIPIN 
11 ~ - - ~ - 
9 . - - - os - - 


+ 11 ) Parasi . - = es 
15 


5 ‘temia - ~ -- - 


22 | patent »44 } + 2 —_ 
26 $44 | l l - 
29 122 | = - 
37 +] i ss : = 

4] l - ~ 
47 - - - - - - 


frequency with which such reactors were encountered in infections with the St 
Elizabeth strain appeared high in comparison with the more extensive previous 
experience! in which 61 per cent of SO similarly infected subjects developed 
nonspecific reactivity. If this earlier observation is taken as the more trust 
worthy, false positive reactors would appear to occur with approximately equa! 
frequency in infections with the Chesson or St. Elizabeth strains. The excep 
tionally high percentage of reactors among the few individuals who were infected 
with both strains may represent a significant difference, but the findings requir 
confirmation in a more extensive series. 

Table IT illustrates the results obtained in the eight tests for syphilis using 
successive serums drawn from an individual before, during, and after a primar) 
attack due to the Chesson strain. In this ease parasitemia became patent on th 
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eleventh day after inoculation. On the twenty-second day, nonspecific reac- 
tions appeared in all four of the tests that emploved ordinary tissue extract 
antigens. They persisted for intervals varying from five days for the Mazzini 
test to twenty days for the Kline exclusion test. In marked contrast were the 
results obtained in the tests employing cardiolipin antigens. The Rein-Bossak 
and VDRL microfloceulation tests as well as the Kolmer and FE. P. 50 eomple- 
ment fixation tests remained negative throughout. 

False positive reactions were not ordinarily encountered in advance of the 
fever or parasitemia of an attack. Occasional exceptions to this rule were ob- 
served when relapses occurred before the seropositivity due to preceding attacks 
had subsided. Reactions appeared, on the average, 8.7 days following the onset 
of patent parasitemia, the interval varying within the limits of 0 to 39 days 
depending upon the individual and upon the specificity of the test. These values 
correspond closely to the mean interval (8.3 days) and range (0 to 30 days) ob- 
served in the previous study! in whieh the majority of infections were due to the 
St. Elizabeth rather than to the Chesson strain. It should be pointed out that 
while nonspecific reactivity in most individuals was transitory and of low de- 
gree, reactions as high as 4 plus were encountered with all the tests. Reactivity 
due to single attacks of malaria persisted for periods varying from 2 to 77 days, 
the observed duration again reflecting differences in the individual and in the 
specificity of the test. False positive reactions of longer duration (23 to 181 
days) were observed in twenty-one instances when one or more successive re- 
lapses extended the seropositivity due to an earlier stimulating attack. 

A comparative analysis of the tests with regard to their specificity for 
syphilis was based upon the relative number of subjects who became false posi- 
tive reactors as defined in the foregoing. Separate analyses were made for the 
three groups that were infected, respectively, with the Chesson, the St. Eliza- 
beth, and the combined strains. These are summarized in Table IL which gives 
the numbers of false positive reactors encountered with each test in successive 
malarial attacks. As indicated in the previous study,’ their incidence was high- 
est in primary attacks, the numbers decreasing progressively with succeeding 
relapses. Among the procedures employing ordinary tissue extract antigens, the 
Kahn standard test vielded the highest number of nonspecific reactors and the 
Kolmer complement fixation test the lowest. Of the tests with eardiolepin anti 
gens, the Rein-Bossak and VDRL microflocculation tests showed still fewer 
reactors and the Kolmer and E. P. 50 complement fixation tests all but eliminated 
such reactors. It is noteworthy that the same individual accounted for the only 
reactions which were observed in the cardiolipin complement fixation tests. 
These reactions attained the maximal degree of 4+ plus during a six-day interval. 
They were paralleled by equally strong reactions in all the tests with ordinary 
antigens, but no reactivity whatsover was encountered in the cardiolipin micro- 
flocculation tests. All the serologic findings in this case were corroborated by 
repetition. 

Some additional evidence of the relative specificity of the tests could be ob 
tained by comparing them with regard to (a) the interval between onset of pat 
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rapLeE III. INTERVAL FrRoM ONSET OF PATENT PARASITEMIA TO APPEARANCE OF FALSE POSITIVE 
REACTION AND DURATION OF REACTION IN EIGHT SEROLOGIC TESTS FOR SYPHILIS 


. ; | KOL | 
MER |E.P. 50 
KAHN | KLINE MAZZINI CAR- | CAR 
SEROLOGIC. TEST | STAND | EXCLU- FLOCCU- | KOLMER | REIN DIO- DIO 
FOR SYPHILIS ARD SION LATION |STANDARD| BOSSAK VDRI LIPIN | LIPIN 


Interval 

parasitemia Mean 7.4 8.3 9.0 10.1 13D 13.9 

to false 

positive 

reaction Range (0-35) 0-35 Y-9() (0-39) (6-22) (6-26) 6) (6) 
(days) 

Duration 

false Mean 17.4 13.3 8.4 13.6 10.8 5.8 

positive 

reaction Range (2-77 (2-28) (3-20) (3-43) (3-23) (3-13 6) (6) 
(days ) 


ent parasitemia and the development of the respective false positive reactions 
and (b) the duration of these reactions. The mean value caleulated for each 
test is given with the range in Table III. It is of interest that the tests in which 
nonspecific reactions appeared earliest and lasted longest were those which 
showed the highest incidence of false positive reactors (compare Table II). The 
occurrence of only one reactor in the complement fixation tests with cardiolipin 
antigen prevented comparing them with the other tests on this basis, but left no 
doubt as to their superior specificity. 

The present findings support the conclusion that in vivax malaria eom- 
plement fixation tests for syphilis show a higher degree of specificity for syphilis 
than do the flocculation tests. This superiority was evident regardless of whether 
results with ordinary tissue extract or with cardiolipin antigens were compared. 
The introduction of cardiolipin antigens reduced the incidence of false positive 
reactions in microflocculation tests and virtually eliminated such reactions in 
complement fixation tests. The specificity of the cardiolipin tests was striking 
in view of their high sensitivity in syphilis. The observations have obvious im- 
plications regarding the serodiagnosis of syphilis, particularly where the pos- 
sibility of a current or recently subsided malarial infection arises. 

SUMMARY AND CONCLUSIONS 

In continuing studies of malaria as a cause of false positive tests for syphilis, 
6,403 specimens of serum were collected at suitable intervals from 104 nonsyphi- 
iti¢ individuals with sporozoite-induced vivax malaria. The serums were sub- 
jected to eight serologic tests for syphilis which included flocculation and eom- 
plement fixation procedures employing either ordinary tissue extract or eardio- 
ipin antigens; 51,224 tests were performed in all. 

Seventy-five (72 per cent) of the 104 subjects developed false positive reac- 
tivity in one or more of the tests for svphilis at some time during the course of 
their malarial infections. Nonspecific reactions appeared from 0 to 39 days 

ollowing the onset of patent parasitemia and lasted from 2 to 181 days. Their 
ime of appearance and duration varied with the individual and with the spee- 
ticity of the test. 
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Complement fixation tests for syphilis exhibited a higher degree of spec- 
ificity for that disease than flocculation tests. Of the procedures employing or- 
dinary tissue extract antigens, the Kahn standard test showed the highest in- 
cidence of false positive reactors and the Kolmer test the lowest. Cardiolipin 
antigens reduced the incidence of nonspecific reactions in microflocculation tests 


and virtually eliminated such reactions in complement fixation tests. 
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TRANSIENT POSITIVE WASSERMANN TEST FOR SYPHILIS IN 
ACUTE HEMOLYTIC ANEMIA 


MicHaEL A. Rupinstern, M.D. 
New York, N. Y. 


eager sineomay studies of the incidence and nature of the biologie false 
positive reaction for syphilis with an exhaustive review of literature have 
been published recently by Davis, Mohr and co-workers, Beerman, Rein and 
KIsherg, and Kolmer.! The reader is referred to these excellent publications for 
more details. 

The case to be reported here is one of acute acquired hemolytic jaundice 
with spontaneous recovery following transfusions. Transient positive Wasser- 
mann tests for syphilis were found during the acute hemolytic attack and be- 
came negative after the attack subsided. 

Since we have not found any record in the available literature of biologic 
false serologic reaction in the course of hemolytic anemia, this case seems worthy 
of reporting, 

CASE REPORT 

Patient J. Z., a 50-year-old white man, entered the hospital on Sept. 23, 1946, with com 
plaints of vellow discoloration of the skin. The family and the patient’s own past history 
revealed no history of jaundice at any time, nor of any exposure to chemicals. The illness 
had begun a month previously at which time the patient was told by a physician that he had 
jaundice and an enlarged liver. 

Blood examination on Sept. 19, 1946, showed hemoglobin, 25 per cent; red blood cells, 
1,500,000; white blood cells, 9,400; differential count normal; icteric index, 24. At that time 
a slightly enlarged spleen was felt and a moderately enlarged axillary node was noted. 

At the time of the patient’s admission to the hospital, the skin and sclerae were strik 
ngly yellow. There was an enlarged, firm, movable, slightly tender lymph node in the right 
xilla, about 5 em. in diameter. The spleen was felt 1 fingerbreadth below the left costal 

argin and the liver was felt 2 fingerbreadths below the right costal margin. There was 
severe anemia (hemoglobin, 3.5 Gm.; red blood count, 1,150,00) with a most pronounced 
eticulocytosis of SS per cent, and normoblastosis as well as macrocytosis. Serum bilirubin was 
5 mg. per 100 ml, and the van den Bergh reaction was delayed. The red cell fragility test 
n saline solutions showed beginning hemolysis at 0.70 per cent NaCl and complete hemolysis 

0.50 per cent NaCl. Sternal bone marrow aspiration revealed a markedly hypercellular 
arrow with marked increase of erythro-normoblastic elements in the differential count 
ibout 66 per cent of the total nucleated cell count of 500,000 in 1 ¢.mm.). The urinalysis 
owed traces of albumin and was negative for bile and sugar. 

On the basis of these findings the diagnosis of hemolytic anemia was made. 

In order to determine the possible etiologic factor of this hemolytic process, additional 
tudies were made, The Wassermann reaction was reported 4 plus on Sept. 24, 1946, with 

e Kahn reaction negative. The Donath-Landsteiner test was performed on Oct. 2, 1946 

| was negative for the presence of specific cold hemolysins, The lack of history of ex- 
sure to cold was also against the Donath-Landsteiner mechanism of hemolysis. Cold 
glutinings were absent as well. Agglutination tests for typhoid, paratyphoid A and B, 


icellosis, and Proteus OX, were negative. Also, the presence of malarial parasites 


From the Medical Division, Montefiore Hospital. 
Received for publication, Mar. 3, 1948. 
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could not be shown. 


revealed granulomatous lvmphadenitis with multiple abscess formation; no specific etiology 


TEST IN ACUTE 


Blood cultures were negative. 


HEMOLYTIC 


could be suggested, but lvmphomatous diseases were ruled out. 


ANEMIA 755 


Siopsy study of the axillary node 


Because no underlying disease could be shown, or any known exposure incriminated, 


the hemolytic process was defined as acute acquired hemolytic anemia of unknown origin. 


TABLE II. 


Date 


Total nucleated cell count (per 1 ce. 


MakkOW STUDIES 


0/24/46 10/25 


00,000 


16 


150,000 





Number of megakaryocytes (per 1 ¢.mm.) 66 22 
Differential count (% ) 
Myeloblasts 0.8 0.5 
Promyelocytes 2.0 1.5 
Myelocytes neutrophils 18.0 25.9 
Myelocytes eosinophils 0.4 2.5 
Nonseginented neutrophils 6.0 15.5 
Segmented neutrophils 5 fe 12.5 
Segmented eosinophils 1.6 L.5 
Segmented basophils 0.5 
Lymphocytes 1.0 8.0 
Hematogones 0.9 1.0 
Plasma cells 0.5 0.5 
Reticulum cells 0.4 
Proerythroblasts 1.2 
Erythroblasts 12.2 0 
Normoblasts 53.0 25.0 


The patient was given repeated transfusions with excellent hematologic and clinical 


response. There followed a progressive improvement of the patient’s general condition; 
the hepatosplenomegaly gradually receded, the red blood count increased, the reticulocytosis 
subsided, and the fragility of red cells returned to normal range. On Oct. 12, 1946, the 
hemoglobin was 9.5 Gm. and the red blood count 3,000,000. On Oct. 14, the Wassermann 
and Kahn were negative and remained so on all subsequent examinations up to the time 
of writing. 


The patient was discharged in good condition on Oct. 25, 1946, with hemoglobin 15.5 


Gm, per 100 ec. and red blood count 4,430,000 per 1 cubic millimeter. The bone marrow 


vw 


examination repeated on Oct. 25, 1946, showed essentially normal findings. 


The patient returned to work and since then has been observed in the follow-up 


hematology clinic. The patient has remained in good health and no clinical or hematologic 


ibnormalities have been noted. 


COMMENT AND SUMMARY 


A ease of hemolytic anemia is reported in which a transient, strongly posi 
tive Wassermann reaction was found with negative Kahn and Kline tests. 

The Wassermann reaction declined gradually with the receding hemolytic 
jaundice. When the patient was first examined at the height of the hemolytic 
rocess (hemoglobin, 3.5 Gm. in 100 ¢.¢. reticuloeytes, 88 per cent), the Wasser- 
nann reaction was 4 plus; ten days later, with 5.5 Gm. hemoglobin and 58 per 
vent reticulocytes, the Wassermann reaction was 3 plus; finally after the fol- 
owing ten days, with 10 Gm. hemolgobin and 60 per cent reticulocytes, the Was- 
ermann reaction was negative throughout. 

Although we have not found any other report in the available literature of 
iologie false serologie reaction in the course of hemolytic anemia, the ease re- 


orded here is not the only one known to us. We have previously observed a 
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patient with chronic hemolytic anemia associated with Laenneec’s cirrhosis of 


liver and complicated by diabetes mellitus in whom positive serologic tests for 


syphilis gradually beeame negative after splenectomy. Similar unpublished 


observations were made by other authors? in cases of acute as well as chronic 


hemolytic anemia, in which both the Wassermann and the Kahn tests showed 


transient positive reactions. 


It appears therefore that the occurrence of biologie false Wassermann re 


action in hemolytie anemia might not be uncommon. 


Ae 
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THE PURIFICATION OF DIPHTHERIA AND TETANUS ANTITOXIN 
BY THE USE OF PEPSIN 
ALBERT GLAUBIGER, M.S, 
New York, N. Y. 
INTRODUCTION 
ee by Mumerous are 


closely related to normal serum proteins and occur in the globulin fraction 
of serum. 


workers have shown that antibocies 


The chemical and immunologic behavior of antibodies and antitox 


ins has been reviewed by Kabat! in a paper dealing with the immunochemistry 
of proteins. It has been known for many years that certain antibodies are rela 
tively resistant to destruction by proteolytic enzymes.” 


This property has been 
utilized by Parfentiey,” Pope.’ 


more recently by Crerlough.| and bv others To 
effect the purification of antitoxins. 


Various proteolytic enzymes have been emploved to purity antitoxins. 
Pick.* followed at a later date by Mellanby, 


first studied the action of trypsin 
and pepsin upon diphtheria antitoxin. 


It is of interest to note in passing that 
In 1903 the first commercial patent was granted by the British Patent Office to 
Oliver Imray'! for the purification of diphtheria antitoxin by the 


action of 
trypsin and also by the action of pepsin. 

It was many vears following the investigations of Pick and Mellanby that 
interest was again revived by Parfentiev in the use of enzymes to purify anti- 
toxins. The studies of Parfentiev® were followed by the investigations of Pope> 
who reported that in addition to the use of pepsin satisfactory results could also 


Obtained with trypsin, papain, maltin (obtained from a commercial prepara 
confirmed the observa 
ions ot Pope concernine the peptic purification ot diphtheria antitoxin The 


‘nzvymatie purification of tetanus antitoxin was confirmed by Sandor and 


Coghill and co-workers’? have developed a process to purify antitoxin 
singe the enzyme Taka diastase. More recently Northrop has prepared purl 
ed diphtheria antitoxin by means of digestion of the toxin-antite xin 


th ervstalline trypsin followed by 


{ 


COD Les 


fractional precipitation Ww th 


amon 
ltate. 
This discussion would be incomplete without a brief statement. concernine 
effect of proteolytic enzvines upon antibacterial sera Antibacterial ant 
wlies behave somewhat differently toward peptic action than do antitoxic ant 
lies Schultze has observed that diphtheria, tetanus, and perfringens ae 
xle sera are less extensively hydrolyzed than normal horse serum oe 
ey hand, antibacterial sera prepared against pneumocoecus and strept 
cus are hydrolyzed at the same rate as normal horse serum. Grabar’* note 
, the Willian H : - | | 
publicat Fel 








— 
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that type I antipneumococeus horse serum which was subjected to peptic ae- 
tion lost one-half of its antibody nitrogen with an accompanying loss of only 
one-fourth of the total nitrogen. The observations of Schultze and Grabar have 
been confirmed by van der Scheer and ‘associates'® in their electrophoretic ex- 
amination of digested sera. 

The pursuit of suitable methods for treating immune horse serum in order 
to avoid serum reactions in human beings has spurred the development of the 
enzymatie process for the purification of antitoxins. Weil, Parfentiev, and 
Bowman*® were the first to study the antigenic qualities of horse serum anti- 
toxin. They found that treating the antitoxie serum with pepsin impaired the 
antigenicity of the serum to a great extent. 

The investigations of Parfentiev and associates were followed by ihe 
studies of Coghill and co-workers'’ on the use of the enzyme Taka-diastase to 
eliminate horse serum specificity from antitoxins. The premise underlying the 
use of Taka-diastase is that the carbohydrate portion, which is associated with 
the pseudoglobulin fraction of horse serum is responsible for serum reactions 
in human beings. Rimington*! was the first to isolate and study the chemical 
properties of this polysaccharide However Coghill and Creighton," using the 
chemical procedures of Rimington, demonstrated the nonspecific nature of the 
earbohydrate associated with horse serum pseudoglobulin. 

Kass, Scherago, and Weaver?’ have investigated the effects of enzymic 
digestion upon the antigenic qualities of antitoxie and normal horse plasmas. 
Their plasmas were digested with Aspergillus oryzae diastase, malt diastase, and 
pepsin. Using the Schultz-Dale technique in their anaphylactic studies on 
guinea pigs, they found that the digested antitoxins were antigenically related 
no matter which of the three enzymes mentioned was utilized for digestion of 
the horse plasmas. 

There are available two general methods of purifying antitoxie sera by 
means of pepsin. These methods are outlined by Parfentiev and Pope, respec- 
tively. In the method of Parfentiev the unwanted proteins of antitoxic serum 
are digested at about pH 4.0.* This is followed by the adsorption of nonanti- 
toxic proteins present in the digest product.t In his process Parfentiev permits 
the digestion of an antitoxie serum to continue to a point where proteoses and 
other substances commonly associated with the enzymatic decomposition of 
proteins are produced. These substances as well as some pepsin which may re- 
main must be adsorbed from the solution since they are not readily separated 
from the antitoxie proteins by the usual method, that is fractional precipitation 
with ammonium sulfate. In practice, various adsorbing agents are employed, 
such as aluminum cream,** tricalcium phosphate,?° or other similar substances. 
In a subsequent patent which Parfentiey obtained,t digestion of an antitoxic 
serum is carried out at pH 3.0 to pH 3.2 at 37° C. for several hours. This is 
again followed by adsorption with tricalcium phosphate in a manner similar 
to the procedure, previously described. 

*As outlined in U. S. Patent No. 2,065,196 (1936). 


*As outlined in U. S. Patent No. 2,123,198 (1938). 
~Namely U. S. Patent No. 2,175,090 (1939). 
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In the procedure of Pope, antitoxic serum is treated with pepsin for a 
short period of time at room temperature. This step is followed by rapid heat- 
ing of the serum in the presence of a large quantity of a salt to some eritical 
temperature at which temperature the unwanted proteins are coagulated. The 
antitoxie proteins remain in solution and may readily be separated from the 
coagulum by filtration or centrifugation. This is followed by the addition of 
more salt with the subsequent precipitation of the antitoxic proteins. This 
method is based on the following considerations. According to Pope,’ diphtheria 
antitoxin is a complex molecular aggregate which consists of two parts. One 
part is readily denatured by heat, strong acids or alkalies, and so on, while the 
other part which carries the antitoxie properties is not readily denatured. This 
theory has been substantiated for diphtheria antitoxic horse pseudoglobulin by 
Petermann and Pappenheimer*® as well as for bovine pseudoglobulin.?’ 

It becomes evident at once from an examination of the two methods that 
basic differences exist between the procedure of Parfentiev and that outlined 
by Pope. The former method depends upon the digestion of serum proteins 
with the concomitant production of substances usually associated with the enzy- 
matic decomposition of proteins. The method of Pope consists in a disaggrega- 
tion of the pseudoglobulin by partial enzyme action followed by heat, which 
results in the separation of antitoxic from nonantitoxic protein. In the latter 
instance, therefore, true digestion does not take place to any considerable extent. 


PROCEDURES 


The principal enzyme used for the preparation and purification of antitox- 
ins on a commercial seale is pepsin. The use of pepsin has obviated the difficulty 
experienced in controlling the digestion process as well as the difficulty in separ- 
taing the enzyme itself from the solution of antitoxin once its function in the 
purification process has been completed. By varying the pH value of the solu- 
tion it is a simple matter to control digestion and to obtain a solution of anti- 
toxin entirely free of peptic action. Moreover commercial preparations of pep- 
sin of various digestive potencies and of reasonable purity may be purchased 
in sufficient quantities. For the foregoing reasons pepsin is employed in the 
following procedure to effect the purification of diphtheria and tetanus anti- 
toxin, 

Processing of Plasma and Globulin. —The entire process elven below Was 
ried out in a jacketed vat having a capacity of 65 liters. Sample batches of 
ntitoxie horse plasma or antitoxic pseudoglobulins were treated with pepsin. 

1. Antitoxie plasma or antitoxic pseudoglobulin recovered from ammonium 
lfate fractionation of immune horse plasma is diluted with a sufficient volume 
physiologic salt solution to reduce the total solid content to 2 to 3 per cent. 

2. Four-tenths per cent phenol is added to the diluted plasma or globulin 

ution. The addition of phenol serves not only as a preservative but also aids 
the heat denaturation process listed below. 

3. The solution is then adjusted to pH 3.1 with solid citric acid. This 

edure is carried out with constant stirring by means of a mechanical stirrer. 
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f. A small quantity of powdered pepsin 1:10,000 is added and the solution 
is stirred until all of the pepsin is dissolved. The pIL value of the solution rises 
to 3.2. The quantity of pepsin chosen is such that the value of the ratio of the 
amount of pepsin to the quantity of protein (pepsin total solids) is less than 


1:10. 


». The solution pH 3.2 is kept for one hour at room temperature 20. to 
25° C. 

6. After one hour has elapsed, the pH value of the solution has risen. to 
$3.23 to 3.26. A maximum rise of 0.06 pH is permissible in this procedure, 
otherwise extensive digestion of horse serum proteins takes place with the pro 
duction of substances commonly associated with the enzymatic decomposition 
of protein. The solution is adjusted to pH 4.2 with rapid stirring, using 30 per 
cent sodium hydroxide solution. A white precipitate becomes evident. The 
precipitate is a complex aggregrate of denatured protein which was associated 
with the antitoxic pseudoglobulin fraction of the plasma? combined with pepsin. 

7. After one hour has elapsed, 14 per cent by weight of ammonium sulfate 
is added and the solution is heated as rapidly as possible by means ot steam 
to 58° C. in order to coagulate the unwanted proteins. The solution is kept at 
8° C. for one hour. It is then permitted to cool. 

8. After the precipitate has been allowed to settle for about forty-eight 
hours, the supernatant solution is siphoned off and filtered through a Buchner 
filter funnel covered with a layer of Super-cel. After filtering all of the super 
natant solution, the coagulum is then passed through the same filter. Both the 
supernatant solution and the coagulum are filtered by gravity. 

9. The filtrate with a pH of about 4.1 is adjusted to pH 7.0 with 30 per 
cent sodium hydroxide solution which is added with constant stirring. Twenty 
per cent by weight of ammonium sulfate is then added to the solution and the 
antitoxie globulins are precipitated. The solution is then permitted to stand 
for one-half hour and is filtered through hardened filter paper. 

10. The precipitate is pressed dry and placed in a cellophane bag. The 
precipitate is dialyzed until the sulfate ion is negligible. After dialysis is com 
plete, the pH of the solution is about 6.5. The solution of antitoxin is brought 
to the neutral point by the addition of normal sodium hydroxide solution. One 
per cent by weight of sodium chloride is added to the antitoxin as well as 0.0: 
per cent Merthiolate and 0.35 per cent phenol. The poteney of the antitoxi 
solution is then tested by flocculation or by animal protection tests. 

Chemically pure reagents were used throughout the procedure. Various 
commercial brands of pepsin were employed or digestive potencies ranging fro1 
1:3,000 to 1:10,000.) Hydrogen-ion values of the antitoxin solutions were dete! 
mined with an Electron-ray pH meter in conjunction with a MacInnes-Beleh 
condenser type of glass electrode. This apparatus has been adequately di 
scribed in a previous paper.** 

Sensitivity Tests.—Sensitivity tests were performed on rabbits previous! 


immunized to determine whether there were any horse serum reactive protell 





PURIFICATION OF DIPHTHERIA AND TETANUS ANTITOXIN 761 


n the antitoxin solutions under test. The sensitizing fluid consisted of an alum- 
precipitated normal horse serum prepared by adding an equal volume of a 4.0 
per cent solution ot aluminum potassium sulfate to sterile normal horse serum. 
The precipitate is allowed to settle for twenty-four hours. The supernatant 
solution which contains but a trace of protein is discarded and replaced with 
a volume of physiologic salt solution equal to the original volume of normal 
horse serum. 

Rabbits were immunized before being used for sensitivity tests by intraperi- 
toneal Injections with 5 ml. doses of alum-precipitated normal horse serum once 
a week for five consecutive weeks. It was observed that the intradermal in jee- 
tion of normal horse serum containing as little as 0.02 me. of protein nitrogen 
produced a skin reaction in-a sensitized rabbit. The shaven back of a white 
rabbit was marked off into squares of approximately 9 sq. em. with a blue mark- 
ing peneil. One-tenth milliliter of the test fluid was injected intradermally into 
each of the squares. The test fluids consisted of horse plasma, antitoxie globu- 
lins recovered by fractionation of plasma with ammonium sulfate, and antitoxic 
pseudoglobulins obtained by means of the enzyme process previously described. 
All of the test fluids were diluted with 5 volumes of physiologic salt solution 
before injection into a rabbit. In practice it was found necessary to dilute the 
plasmas and antitoxie globulins not treated by the enzyme process with at least 
) volumes of saline solution in order to contain the skin reactions within the 
limits of the squares marked off on the back of the rabbit. Skin reactions were 
observed for a period ot seventy-two hours, then the rabbits were discarded. 
The rabbits thus discarded were not employed in any subsequent test. 

RESULTS 

The results of the purification of diphtheria antitoxin by the use of pepsin 
are shown in Table I. The second column gives the material which was treated 
by the enzyme process. The next column gives the pH value at which the 
enzyme treatment was carried out. This is followed by the potency of the pepsin 
j which was added to the diluted antitoxin solution. The next column gives the po- 
teney of the antitoxin before and after enzyme treatment and concentration in 
units per milliliter obtained by the Ramon flocculation test. The remaining 
columns of the table are devoted to data on skin sensitivity tests before and 

ter pepsin purification. The rabbit skin reactions are denoted as follows: 1 
us, erythema; 2 plus. erythema and edema; 3 plus, ervthema, edema, and 
ecrosis; 1s plus, a mild reaction. No visible skin reaction is recorded as zero. 

Table I indicates that the first four lots of enzyme purified antitoxin pro- 

ced slight skin reactions, especially the first lot which was treated at pH 4.0 
th 1:3.000 pepsin. Moreover there was a twofold increase in the antitoxic 
ter as shown by flocculation tests. Beginning with the fifth lot the potency 
‘reased about three and one-half times that of the untreated antitoxin. Treat- 
the diluted antitoxin with 1:10,000 pepsin at pH 3.2 for one hour at room 
perature, according to the method deseribed previously, resulted in an anti- 


de globulin which gave no skin reaction. An increase in the pH value at which 
| 
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enzyme purification was carried out resulted in an antitoxin which produced 
an increased skin reaction. From an examination of Table I it is evident that 
the untreated antitoxic globulins in all cases gave more severe reactions than 
the enzyme purified globulins. Table I also shows that purification at pH 3.2 
with 1:10,000 pepsin gave a more potent produet than purification and coneen- 
tration at the same pH value with 1:3,000 pepsin. Finally, while the untreated 


TABLE I. THr PURIFICATION OF DIPHTHERIA ANTITOXIN WITH PEPSIN 


POTENCY 











( UNITS/ ML. ) RABBIT SKIN TEST 
AFTER 
PEPSIN 

BEFORI PURIFICA 

PEPSIN TION & BEFOKE PEPSIN AFTER PEPSIN 
MATH TREAT CONCEN TREATMENT (HR. ) PURIFICATION (HR. 
RIAL pit PEPSIN MENT TRATION 24 18 72 24 48 12 
RAG 4.00 1:3,000 1228 2060 
RAG 3.20 1:3,000 1228 : 4 i‘ 
RAG 3.20 125,000 1228 2576 + + t+4 + + + + + 
RAG 3.25 1:3,000 1228 9511 \ a op ae r 4 
RAG o.19 1:10,000 1228 3180 
RAG 3.23 1:10,000 1370 8300 ee" Re biotic n 4 0) 
RAG 3.24 1: 10,000 1370 4560 ae we eae () 0 ( 
RAG : 1: 10,000 1370 4560 } we leat 0 () 0 
RAG 3.25 1: 10,000 1370 $560 ee ae ee ae he ae () () { 
RAG 3.22 1:10,000 1370 {S80 n ge ee Oe ee 0 0 ( 
RAG 1: 10,000 370 {SSO L 4 Lad ae ae () () { 
RAG 1:10,000 1370 {S00 tet ee oe Tee ae: 0 0 ( 
RAG 1:10,000 1370 4400 ( 
RAG 1: 10,000 370 4660 ae i oe ae oe , 4 
RAG 5.80 1: 10,00¢ 1370 4400 a ae \ i ee ope a a: hk 
RAG 4.00 1:10,000 1370 1400 4 

RAG, Reconcentrated antitoxic globulin. 
Erythema , erythema and edema : +, erythema, edema, and necrosis; , mild reaction; 
reaction, 


antitoxin gave skin reactions which became intensified as time increased, the in 
tensity of the skin reactions resulting from some of the pepsin-treated antitoxins 
diminished. 

Table I] shows the results of enzyme purification of tetanus antitoxin. The 
data are arranged in the same manner as in Table I. The potency of the anti- 
toxins is expressed in units per milliliter as obtained by animal protection 
tests. An examination of Table I] shows that approximately the same results 
were obtained as with diphtheria antitoxic globulins. It is to be noted that 
tetanus plasma gave the most severe skin reaction. Fractionation of plasma 
with ammonium sulfate reduced the intensity of the skin reaction somewhat 
However the enzyme-treated globulins almost invariably gave no visible skin re 
action. The results obtained with the last three lots shown in Table II indicate 
that antitoxic sera may be purified by treatment with pepsin in accordance with 
the procedure outlined in this paper, regardless of whether the initial material 
is Immune horse plasma or antitoxie pseudoglobulins recovered from ammonium 
sulfate fractionation. 

Table III contains the results of heating diluted tetanus antitoxie plasma 
and diluted normal horse serum to 58° C. at pH 4.2 in the absence of salt and 
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stood for one hour a copious precipitate was evident. The diluted plasma was 


then divided into three aliquot portions. The first was centrifuged and the 
precipitate was separated from the remainder of the solution. The precipitate 
rr 

The 


for one hour and placed 


was then suspended in physiologic saline solution and adjusted to pH 6.95. 
second portion of diluted plasma was heated to 58° C. 
in the refrigerator overnight. The next day the precipitate was removed by 


filtration and the filtrate adjusted from pH 4.17 to pH 6.96. This procedure 
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TABLE II. PURIFICATION OF TETANUS ANTITOXIN WITH PEPSIN 
— | POTENCY 
(UNITS /ML. ) RABBIT SKIN TEST 
| AFTER 
| PEPSIN 
| PURIFI 
BEFORE | CATION 
PEPSIN | & CON BEFORE PEPSIN AFTER PEPSIN 
PURIFI- (CENTRA PURIFICATION (HR. PURIFICATION (HR, 
MATERIAL pH PEPSIN CATION| TION 1 24 48 72 24 +8 72 
RAG 1.00 1:5,000 2000 2300 - 
RAG 3.98 1:3,000 2000 99()() 
Oxalated 
plasma 3.20 1:10,000 8000 6500 4d ee \ () () 0 
Oxalated 
plasma 3.20 1:10,000 3000 5000 rie Oe i \ 0 () 0 
Oxalated . 
plasma 3.21 1:10,000 2500 4200 eee \ si () (0) 0 
Oxalated 
plasma ,.20 1:10,000 °700 2500) nee eee La () () 0 
RAG 3.26 1:10,000 1450 2000 page ictal See () () 0 
RAG 3.24 1:10,000 1200 2T00 arog lot os 0) 0) 0 
RAG » 90 1:10,000 2000 S000 ere ae ee! oe (0) 0) ‘) 
Citrated 
plasma sano 1:10,000 € 500 1600 a ye OF \ \ () 0 4) 
Citrated 
plasma 3.20 1:10,000 250 2000 eee rer en siete ‘) ( 
Concentrated 
antitoxie 
globulin 220 1:10,000 S00) 1500 
RAG 3.20 1:10,000 1200 1SO0 L44 4 ae SP 0 0) 0 
RAG, Reconcentrated antitoxic globulin. 
Erythema; +H, erythema, edema, and necrosis: +, mild reaction: 0, no visible reaction 
also in the presence of 5 per cent sodium chloride. Tetanus plasma was first 
treated for one hour at room temperature with 1:10,000 pepsin at pH. 3.20. 
After one hour had elapsed the pH of the diluted plasma increased to 3.238. 
The pH value of the solution was adjusted to 4.20. After the solution had 
LE TIT. THE Errect or TEMPERATURE AND SALT ON THE PURIFICATION OF ‘TETANUS PLASMA AND 
NORMAL HORSE SERUM 
HEATED TO 58° C. HEATED TO 58° Cc. PEPSIN-PROTEIN 
AT pH 4.2 AT pH 4.2, 5% Nacl PRECIPITATE 
SKIN TEST (HR.) SKIN TEST (IIR.) SKIN TEST (HR. ) SKIN TEST (HR.) 
MATERIAL 24 48 72 24 tS “2 24 1S la 24 tS 72 
ted tetanus 
asmna 1 4 as ae ae ee 4 } () () ‘) ) if) 0) 
ed normal 
e serum ae a a | ae oe 4 j () () () ) 1) 0) 0) 
Erythema ; erythema, edema, and necrosis mild reaction 0, no visible reaction. 
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was repeated with the third portion of diluted plasma with the exception that 
before heating the solution to 58° C.. 5 per cent by weight of dry sodium chlor- 
ide was added. These procedures were also carried out using normal horse 
serum which had been treated with 1:10.000 pepsin in the manner outlined in 
this paper. The protein nitrogen content of the solutions was determined by 
the micro-Kjeldahl procedure of Parnas and Wagner.*® Skin tests were made 
with solutions of equal nitrogen value. QOne-tenth milliliter of the test fluids 
contained 0.2 mg. of protein nitrogen. 

An examination of the data in Table IIT shows that both the diluted nor- 
mal horse serum and the diluted tetanus plasma having a protein nitrogen con 
tent of 2.0 mg. per milliliter gave the most severe reactions. This fact has 
already been mentioned in connection with the skin test data shown in Table 
II. Less severe reactions were observed with diluted normal horse serum and 
with the diluted tetanus plasma which had been heated to 58° C. in the absence 
of salt. From an examination of the fourth column of Table III it is evident 
that there was no visible reaction resulting from the intradermal injection of 
the diluted tetanus plasma or the diluted normal horse serum which had been 
heated to 58° C. in the presence of 5 per cent sodium chloride. The unheated 
pepsin-protein precipitates recovered from the diluted tetanus plasma and the 
diluted normal horse serum at pH 4.20 gave no visible skin reactions. 

Further studies indicated that all but a trace of heat coagulable (100° C.) 
proteins were absent from the solutions of normal horse serum and_ tetanus 
plasma which had been heated to 58° C. at pH 4.20 in the presence of 5 per cent 
sodium chloride. Moreover 3.3 per cent of heat coagulable protein. still re- 
mained in the solution of tetanus plasma which had been heated to 58° C. in the 
absence of salt. Also 2.2 per cent of heat coagulable protein was still present 
in the diluted normal horse serum which had been heated to 58° C. in the ab- 
sence of 5 per cent sodium chloride. These results indicate that the skin- 
reacting substances which are present in tetanus plasma and in diluted normal 
horse serum vary with the amount of heat coagulable protein which remains in 
the solution after the enzyme process is completed. 

The lack of any visible skin reaction from the injection of the pepsin-pro- 
tein precipitate which occurs at pH 4.2 indicates that this precipitate consists 
of a complex aggregate of denatured protein which has become incapable of 
eliciting any response from a sensitized rabbit. Furthermore this denatured 
protein is associated with pepsin which has been added to the diluted plasma 
or serum. Tests show that the added pepsin is absent from the diluted plasma 
or serum at pH 4.2 after heating to 58° C. in the presence of 5 per cent sodium 
chloride or 14 per cent ammonium sulfate. By the use of a modification of the 
hemoglobin test devised by Anson*’ the preceding solutions as well as the en- 
zyme-treated globulins mentioned in Tables T and II were found to be free of 
any peptic action after the enzyme procedure was completed. 


DISCUSSION 


The procedure described in this paper for the purification of antitoxic horse 


plasma and antitoxice pseudoglobulins has been tried using other types of normal 
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and immune animal sera. [| have observed that if bovine or goat elobulins are 
treated with pepsin and the diluted globulin solution is adjusted to pli 4.2, a 
copious white precipitate appears in a short time. This observation has been 
made with normal horse serum. as shown in Table II]. Other investiga- 
tors®? °" 8" hesides Pope’ have made similar observations. 

It has been known for some time that crystalline proteins such as edestin" 
are capable of removing all but traces of pepsin from a solution at pH 4.0. 
Waldschmidt-Leitz and Kofrani®® have observed a similar phenomenon with 
melon seed globulin. Northrop’? has demonstrated that the pepsin-edestin pre- 
cipitate may be dissociated under suitable conditions so that the original activ- 
itv of the pepsin is restored. Neurath and colleagues*! have discussed the role 
of enzymes in protein denaturation. The pricipitate at pIl 4.2 consists of 
serum proteins which have been denatured by proteolytic enzymes. In the case 
of horse serum proteins which have been denatured with pepsin at pH 4.2, such 
proteins are incapable of causing a skin reaction in rabbits sensitive to horse 
serum as shown by the data in the fifth column of Table IIT. 

This discussion would be Incomplete without a brief statement concerning 
the clinical use of enzyme purified antitoxins. Out of twenty-six recorded cases 
of patients treated with enzyme purified tetanus antitoxin, twenty patients re- 
covered completely, with only one developing serum sickness and one having a 
mild reaction to the antitoxin. The first patient had mild serum sickness which 
occurred about eight days following the first injection. It was learned subse- 
quently that the patient was horse serum sensitive and had been given the first 
dose of tetanus antitoxin obtained by ammonium sulfate fractionation. The 
other patient received a total of 3,580,000 units of antitoxin in a period of nine 
days. This patient also recovered despite a mild reaction to the antitoxin. All 
the familiar routes of injection were employed in all the patients. Seven of the 
patients had clinical histories of bronchial asthma and horse serum allergy. The 
age of the patients treated with the antitoxin ranged from four to sixty-five 
vears. 

In another series of clinical tests, prophylactic injections of enzyme puri- 
fied tetanus antitoxin were given to fifty patients in an accident ward of a hos- 
pital. All of the patients had clinical histories of asthma, hay fever, or horse 
serum sensitivity. No immediate or delaved reactions were observed. 

Enzyme purified diphtheria antitoxin has been used in two patients with 
diphtheria who were known to be sensitive to horse serum. One of the patients 
was a child of four, the other was an adult about sixty years old. Both pa- 
tients recovered. Neither of the patients exhibited any signs of serum sickness. 

Both the enzyme purified tetanus and diphtheria antitoxin have been em- 
ploved on other asthmatic or horse serum sensitive patients with excellent results. 


SUM MARY 


A method has been described for the purification of diphtheria and tetanus 
antitoxin by the use of pepsin. The results of the purification of antitoxic horse 
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plasma or antitoxic globulins by pepsin indicate that the enzyme-treated globu 
lins give no skin reaction in rabbits which have been immunized to the proteins 
of normal horse serum. Some clinical results of the use of enzyme purified anti- 


toxins are also described. 


The author takes this opportunity to thank Mr. C. K, Greenwald, Mr. A. Mackey, and 
Mr. M. Burger for their assistance in performing the sensitivity tests and for the deter 
mination of the potencies of the samples of tetanus antitoxin, and also Mrs. E, Crossman 
for obtaining the potencies of the samples of diphtheria antitoxin by the Ramon floceu 


lation test. 
REFERENCES 


l. Kabat, E. A.: Immunochemistry of the Proteins, J. Immunol, 47: 515, 1943. 

2. Pick, E. P.: Zur Kenntnis der Immunkoérper, Beitr. z. chem. Phys. u. Path. 1: 551, 1902 

3. Mellanby, J.: Diphtheria Antitoxin, Proc. Roy. Soc. Lond. Series B, 80: 399, 1908. 

4, Schmidt, A. A., and Tuljtschinskaja, K.: Biochemisch Beitriige zur Immunititsforschung ; 
ueber Inaktivierung der Agglutinine durch Verdauungssiifte, Ztschr, f. LImmunitats 
forsch. u. exper. Therap. 73: 312, 1932 


o. Rosenheim, A. H.: Action of Enzymes on Antibodies, Biochem. J. 31: 538, 1957. 
) 


6. Parfentiev, I. A.: U. S. Patent No. 2,065,196 (1936), Patent No, 2,123,198 (1938), 


Patent No. 2,175,090 (19539). 
7. Pope, C. G.: Disaggregation of Proteins by Enzymes, Brit. J. Exper. Path. 19: 245, 
1938. 


Ss. Pope, C. G.: The Action of Proteolytic Enzymes on the Antitoxins and Proteins of 
Immune Sera. 1. True Digestion of Proteins, Brit. J. Exper. Path, 20: 152, 1939. 

9. Pope, C. G.: The Action of Proteolytic Enzymes on the Antitoxins and Proteins of Im 
mune Sera. IL. Heat Denaturation After Partial Enzyme Action, Brit. J. Exper. 
Pat. 20: 201, 1939. 

10. Gerlough, T. D.: U. S. Patent No. 2,368,464 (1945). 

11. Imray, O: British Patent No. 18,340 (1903). 

12. Modern, F., and Ruff, G.: Reinigung von Antidiphtherieserum durch peptische Pro 
teolyse, Biochem. Ztschr. 305: $05, 1940, 

13. Sandor, G., and Richou, R.: Purification du Sérum antitétanique par digestion, Compt. 
rend. Soe. de biol. 131: 461, 1939. 

14. Modern, F., and Ruff, G.: Protéolyse du Sérum antitétanique, Compt. rend. Soe. de 
biol. 1838: 158, 1940, 

15. Coghill, R. D., Fell, N., Creighton, M., and Brown, G.: The Elimination of Horse 
Serum Specificity From <Antitoxin, J. Immunol, 39: 207, 1940. 

16. Northrop, J. H.: Purification and Crystallization of Diphtheria Antitoxin, J. Gen. 
Physiol. 25: 465, 1942. 

17. Schultze, H. E.: Ueber die Proteolyse von Immunseren durch Pepsin bei schwach saurer 
Reaktion, Beitriige zur enzymatischen Eiweissanalyse, Biochem, Ztschr. 305: 196, 
1940. 

18. Grabar, P.: Sur l’action de la pepsine sur les anticorps antipneumococciques, Compt. 
rend Acad. d. se. 207: 807, 1938, 

19. van der Scheer, J., Wyckoff, R. W. G., and Clarke, F. H.: An Electrophoretic Examina 
tion of Digested Sera, J. Immunol, 41: 349, 1941. 

20. Weil, A. J., Parfentiev, I. A., and Bowman, K. L.: Antigenic Qualities of Antitoxins, 
J. Immunol. 35: 399, 1938. 

21. Rimington, C.: Isolation of the Carbohydrate Derivative From Serum-Proteins, Biochem. 
J. 23: 430, 1929. 

22. Coghill, R. D., and Creighton, M.: The Non-specific Nature of the Carbohydrate Portion 
of Horse Pseudoglobulin, J. Immunol. 35: 477, 1938. 

23. Kass, E. H., Scherago, M., and Weaver, R. H.: The Effect of Enzyme Digestion Upon 
the Antigenic Properties of Antitoxic and Normal Horse Plasmas, J. Immunol. 
45: 87, 1942. 

24. Forbes, J. C.: The Purification of Pepsin, Its Properties and Physical Characters, J. 
siol. Chem. 71: 559, 1927. 

25, Utkin, L.: Ueber die Adsorption des Pepsins an Tricalciumphosphat, Biochem. Ztsehr. 
267: 64, 1933. 

26. Petermann, M. L., and Pappenheimer, A. M.: The Ultracentrifugal Analysis of Diph 
theria Proteins, J. Phys. Chem, 45: 1, 1941. 

27. Petermann, M. L.: Ultracentrifugal Analysis of Pepsin-Treated Serum Globulins, J. 
Phys. Chem. 46: 183, 1942. 











PURIFICATION OF DIPHTHERIA AND TETANUS AN'TITOXIN 767 


Glaubiger, A.: The Standardization of pH Measurements With a Precision Glass Elee 
trode at Various Temperature, J. LAB. & CLIN. MED, 26: 892, 1941. 

-arnas, I. K., and Wagner, R.: Ueber die Ausfiihrung von Bestimmungen Kleiner Stick 
stoffen Nach Kjeldahl, Biochem, Ztschr. 125: 253, 1921. 

Anson, M. L.: The Estimation of Pepsin, Trypsin, Papain, and Cathepsin With Hemo 
globin, J. Gen. Physiol, 22: 79, 1938. 

Petermann, M. L.: The Action of Papain on Beef Serum Pseudoglobulin and on Diph 
theria Antitoxin, J. Biol. Chem. 144: 607, 1942. 

Northrop, J. H.: Adsorption of Pepsin by Crystalline Proteins, J. Gen. Physiol. 17: 165, 
1933. 

Waldschmidt-Leitz, E., and Kofrani, E.: Die Komplexe Natur des Kristallisierte Pep 
sins, Naturwissensch, 10: 206, 1935. 

Neurath, H., Greenstein, J. P., Putnam, F. W., and Erickson, J. O.: The Chemistry of 
Protein Denaturation, Chem. Rev. 34: 157, 1944. 








ANTIRETICULAR CYTOTOXIC SERUM IN THE TREATMENT 
OF ARTHRITIS 


OBSERVATIONS ON FORTY-FOUR CASES 


Water M. Sotomon, M.D., ANpD Ropertr M. Strecuer, M.D. 
CLEVELAND, OHIO 


Saya evtotoxie serum (A.C.S.) has been described as an effee- 
tive remedy in different chronic conditions including several types of 
rheumatism. The present study was planned to test its effectiveness in the 
treatment of two types of chronic joint disease—rheumatoid arthritis and 
degenerative joint disease. 

Bordet, originally observed that antibodies were formed in animals under 
proper conditions after injection of human material such as leucocytes, liver or 
kidney cells. The serum of such immunized animals produced varying reac 
tions when injected into human beings. Large doses caused toxie effects while 
small doses sometimes produced beneficial stimulating effects. 

Bogomolets’ became interested in this phenomenon in 1929. After con 
siderable study he concluded that connective tissue was the most important 
element in antibody production. He therefore attempted to develop antigens 
by injecting material from the human reticulo-endothelial system, His report 
in 1948 that his serum was effective in the treatment of rheumatism stimulated 
interest in America and since that time several reports have appeared. The 
theoretic considerations have been reviewed by Straus. 

The material* used in this study was the same as that supplied for other 
studies (Rogoff and co-workers’). Two types of material were provided. One 
contained antireticular cytotoxic serum in rabbit serum and the other con 
tained only untreated rabbit serum. The identity of these sera was unknown 
to us until the study was completed. The antireticular cytotoxic serum was 
prepared by injecting into rabbits and goats a saline extract of spleen and bone 
marrow secured within ten hours of death from persons under 40 vears of age. 
apparently in good health, who died from sudden injury. The saline extract 
was injected intravenously into rabbits or goats. The immunized animals were 
bled and the sera were dehydrated and stored until needed. When used, it 
was diluted to a 10 per cent solution in normal saline. 

sogomolets’s method of administration was followed closely. Injections of 
the antireticular cytotoxic serum and the control serum were given subcutane- 
ously. The first dose was 0.5 ¢.c. followed at intervals of three to five days with 
a second dose of 1.0 ¢.c. and a third dose of 1.5 cubie centimeters. Three doses 
constituted a series. A second and third series were given at six-week intervals. 
The three series were considered a complete treatment. 

a From the Department of Medicine of Western Reserve University Medical School at 
City Hospital. 
Received for publication, Mar. 1, 1948. 


*Prepared by H. Goldblatt at the Institute of Pathology, Western Reserve University 
Medical School. 


768 











ANTIRETICULAR CYTOTOXIC SERUM IN TREATMENT OF ARTHRITIS 769 


The patients were selected from the Out-Patient Department of Cleveland 
City Hospital. All were ambulatory and many had been under observation for 
months to vears. The diagnoses of rheumatoid arthritis and of degenerative 
joint disease depended upon the usual clinical criteria and were supported by 
laboratory and radiologie evidence. Patients in each category were selected 
alternately for the antireticular evtotoxic serum and the control serum. 

RESULTS 

Table I shows the results in rheumatoid arthritis. Of the twenty patients 
with rheumatoid arthritis, seven were subjected to three complete series of in- 
jections with antireticular cytotoxic serum and seven had three complete series 
of injections with control serum. In addition to these fourteen patients there 


were eight patients who recéived less than the three complete series; five had 


TABLE I. RHEUMATOID ARTHRITIS 


AVERAGE, OBJECTIVE RESULTS SUBJECTIVE RESULTS 
AVERAGE DURA 
NUM AGE TION 
BER C is} (YR. BETTER SAME} WORSE !|BETTER| SAME |WORSE 
A. ©. 8. 
Completed series 7 oa 5 l 3 ] ] 5 1 
Total cases 12 49 5 2 Ss 2 2 7 ) 
Total (% ) 16 67 16 16 DS 25 
Control Serum 
Completed series if 55 9 ] 5 1 1 5 ] 
Total cases 8 56 8 1 6 1 1 6 1 
Total (%) 12 1d 12 12 ta 12 


antireticular cytotoxic serum and one the control serum. Table II shows twenty- 
four patients with degenerative joint disease; six received three complete series 
of injections with antireticular cytotoxic serum and ten received three complete 


series with control serum. As with the patients with rheumatoid arthritis there 


TABLE II. DEGENERATIVE JOINT DISEASE 


AVERAGE 
AVERAGE DURA 
| wim AGE TION OBJECTIVE RESULTS SUBJECTIVE RESULTS 
BER (YR.) (YR. BETTER | SAME | WORSE |BETTER! SAME WORSE 
A. C. 8. 
Completed series 6 56 i) (0) rs 0 i 9 0 
Total cases 14 OS 10 I 13 0) 6 8 () 
Total (%) ff 95 3 TY f 
Control serum 
Completed series 10 60 7 2 S 0 5 5 0 
Total cases 10 60 7 2 8 0 5 5 0 
Total (%) 20 80 50 50 


were eight additional patients who received one or two series of antireticulat 
eytotoxie serum but did not finish the three complete series. 

Reactions were more frequent after injections with antireticular cytotoxic 
serum than with control sera. A general reaction including mild fever, malaise, 











770 SOLOMON AND STECHER 


and nausea was observed four times after antireticular cytotoxic serum and once 
after control serum. Local reactions with tenderness, swelling, and redness 
at the site of injection occurred after eighteen injections with antireticular 
cytotoxic serum and four times after injections of control sera. 

The tables list both objective and subjective results. Objective improvement 
meant a decrease in swelling, increase of motion, or loss of tenderness. The sub- 
jective results were based upon the patients’ own estimation of their conditions. 
The subjective results followed very closely the objective results in most in- 
stances. In the patients with rheumatoid arthritis receiving antireticular cyto 
toxic serum two were better, eight were unchanged, and two were worse ob- 
jectively, compared with one better, seven unchanged, and three worse subjee- 
tively. Of the fourteen patients with rheumatoid arthritis, seven of whom 
received three complete series of antireticular cytotoxic serum and seven of whom 
received three complete series of control serum, the tabulations of objective and 
subjective results were identieal. 

Subjective improvement was more apparent than objective improvement in 
the patients with degenerative joint disease. Of fourteen patients receiving 
antireticular cytotoxic serum, only one was listed as having objective improve- 
ment while six thought they had been benefited. It seemed significant that of 
the ten patients receiving control serum, two were listed as having objective 
improvement and five thought they had been helped. 

No significant difference was observed between the use of antireticular cyto- 
toxic serum and control serum. Every patient was seen over a period of at 
least six months and many were under observation for over a year. Any critical 
observer at all familiar with the clinical vagaries of rheumatoid arthritis and of 
degenerative joint disease recognizes the frequency with which patients with 
these chronic diseases describe variations in the degrees of their symptoms, 
especially when they are observed for a long period of time and under changing 
therapeutic regimens. Such mild variations, occuring as they often do spon- 
taneously, are of no significance in judging therapeutic effectiveness unless they 
ave sustained. The authors feel that the variation in patients’ symptoms record- 
ed in this study are not an indication of specific therapeutic effeet for anti- 
reticular cytotoxic serum. 

The results obtained in this study are in essential agreement with other 
recent reports. Bach* treated forty-eight patients; thirty-five had rheumatoid 
arthritis and the others had rheumatic fever, ankylosing spondylitis, gonorrheal 
arthritis, osteo-arthritis, and nonarticular rheumatism. Bach noted clinical 
impovement in fourteen; in seven it was definite and in seven only slight. The 
patients with definite improvement included three with rheumatoid arthritis, 
one with rheumatie fever one with gonorrheal arthritis, one with ankylosing 
spondylitis, and one with muscular rheumatism. In two of the three cases of 
rheumatoid arthritis the benefit observed might well have been due to bed rest 
for over a month in a hospital. Two months after discharge both patients 
suffered a relapse. The author discusses the difficulty in evaluating the influ- 
ence of the serum in producing the benefits observed. 
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Rogoff and associates* treated twenty-nine patients with rheumatoid arthri 
tis and ankylosing spondylitis with antireticular eyvtotoxic serum and fourteen 
patients with rabbit serum. They noted that 10 per cent of the patients had 
symptomatic improvement, 10 per cent had objective improvement, 55 per cent 
were unchanged, and 24 per cent were worse. Results of the same order were 
observed with the use of control rabbit serum. They concluded that antiretie- 
ular cytotoxic serum therapy produced no dependable benefit in patients with 
rheumatoid arthritis. 

COMMENT 


The effects observed from the treatment of twenty patients with rheuma 
toid arthritis and of twenty-four patients with degenerative joint disease were 
so slight and inconclusive that further investigation did not seem to be justified. 
Despite the small number of patients treated and the negative results obtained, 
this report is in complete agreement with recent similar observations on this 
subject and is presented to place these results on record as part of the observed 


experience with this form of treatment. 
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THE THIOCYANATE CONTENT OF SALIVA IN NORMAL AND 
HYPERTENSIVE SUBJECTS BEFORE AND AFTER 
INGESTION OF TILE DRUG 


KE. J. FiscoMaANN, M.D... AND ANDOR [F'ISCHMAN 
AUCKLAND, NEW ZEALAND 


ARLY studies, as surveyed by Lickint,’ are inconsistent regarding the thio 

eyanate content of human saliva in health. More recently Reissner? found 
a normal range of 2.4 to 20.0 mg. per 100 ml. with an average of 10.0 mg. per 
cent thiocyanate (SCN). Claims regarding salivary SCN changes in certain 
pathologie conditions! remained unconfirmed. Similar difficulties have been en- 
countered with other salivary constituents. With special reference to caleium 
and phosphorus, Becks and Wainwright® ' criticized older reports because the 
method of obtaining specimens was not stated, or was unsatisfactory, and be 
cause of disregard for the rate of flow. They suggest that the collection of rest 
ing saliva gives uniform and comparable results. Such criticism also applies to 
most reported thioevanate studies. 

In 1925 Nichols’ found that SCN concentration of saliva is considerably 
raised after SCN administration. Tastaldi,® in hypertensive patients treated 
with potassium thiocyanate (KSCN), found that the saliva-serum ratio de 
creased with increasing serum levels. He did not report on natural salivary 
SCN. The SCN content of other body fluids was repeatedly studied in thio 
cevanate-treated hypertensive patients and as a means of measuring extracellular 
fluid volume. 

The aim of the present study was to obtain more reliable and uniform in 
formation than has hitherto been available regarding natural and postingestion 
salivary thiocyanate levels by using a standardized method of colleetion, and 


by relating values to the rate of flow. 


MATERIAL AND METHOD 


Three groups of salivary SCN determinations were made, a) Determination of the 
natural level in each of thirty-five healthy subjects. (b) Three determinations of the pre 
ingestion level at short intervals in thirty-five patients with raised blood pressure, (c¢) Deteo 


mination of the level at intervals of one to two weeks, for periods varying from four weeks 
to several months, in thirty patients with raised blood pressure during treatment with thio 
cyanate salts. The drug was administered as described in a previous paper.? In the secon: 
and third group the serum level also was determined. One hundred and forty determinations 
were made before and one hundred and seventy-six after administration of KSCN, 

The subject was instructed to have nothing to eat or drink on the morning of the test, 
not to brush his teeth, and not to smoke. The specimen was collected between 9 and 10 A.M.; 
the subject bent his head over a funnel placed on a graduated centrifuge tube and the saliva 
was allowed to flow freely with exelusion of movements of the jaw, spitting, and so forth. 
The time of collection was ten to thirty minutes, The specimen was then centrifugalized and 
3 ee. of the clear supernatant fluid were used for the determination of thiocyanate by the 


method of Schreiber’ as modified by Crandall and Anderson. 


Received for publication, Mar. 12, 1948. 
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Naturally Occurring Salivary Thiocyanate. 

Concentration of SCN in Milligrams Per Cent: The arithmetic mean in 
thirty-five normal subjects was 13.4 + 1.1 mg. per cent. The lowest and highest 
observed values were 3.1 and 27.5 mg. per cent. No significant difference was 
demonstrable between different age groups and the sexes. 

The arithmetic mean for nonsmokers was 11.7 + 1.0 me. per cent. The 
range varied from 3.1 to 26.5 me. per cent. The arithmetic mean for smokers was 
17.5 + 2.1 mg. per cent. The range varied from 8.1 to 27.5 mg. per cent. The 
means differed considerably ; the ranges, however, overlapped to such an extent 
that no signifieantly different range for nonsmokers and smokers could be 
established. Patients were arbitrarily divided into three groups according to 


the rate of flow (under 10, 10 to 20, and above 20 ¢.¢. per hour, respectively ) 


TABLE 1. RELATION OF SCN Contrentr OF SALIVA OF HEALTHY AND TLYPERTENSIVE SUBJECTS 
ro THE Rate of FLOW AND SMOKING 
MG. PER CEN MG. PER HOUR 
MEAN o o\ MEAN o oM 
GROUP N iH N HH N If N 5 | N HW N HI 
Total igs4 47 Go 60 i.) 1.0 S04 93: ikea Lio: 0.2) (0:20 
Nonsmokers 
Total 7 «6348 Oho 66 CUO 2 220 61.81 08S B02 O36 0.99 
RE under 
15 e.e./hr. lied =4AGo- S5> OG: 2.0 is L490 140 O37 628 O43 0.56 
RE ove! 
15 ¢.e./hr. 9.5 Sy Sa 4" Ore asa Zhe 219 082 1:63 O29 ©50 
Smokers 
Total io 162 63° 457 221 Led: 3.08 2.40 1.64 or. Odd 0.59 
RE under 
15 ¢.e./hr. wens bia oe aoe ge 24 2.30 1.46 0.30 0:45 0.17 0.22 
RF over 
15 e.e./hr. ine (12 (6 323°: i 3.93 3.66 1.76 1:63 0.72 0.94 
RF, Rate of flow; N, normal group: H, hypertensive group; ov, standard deviation of the 
mean; oM, standard error of the mean. 


Comparisons of the arithmetic means of the corresponding milligram per cent 
values (22.5, 14.3, and 9.8) suggest an inverse relationship between rate of flow 
and SCN milligram per cent concentration. The correlation coefficient, r = 
0.65 + 0.10, is significant. In order to show that the high values encountered in 
the low rate of flow group were not due to smoking, nonsmokers and smokers 
were grouped separately into two groups of higher and lower rate of flow (below 
and above 15 ¢.c. per hour). Table I shows that the inverse relationship of rate 
of flow and concentration was present irrespective of smoking. There was prac- 
tically no overlapping of concentrations of nonsmokers in the low and medium 
rate of flow groups, the highest concentration in the latter being 15.5 me. per 
‘ent, the lowest in the former being 15.1 mg. per cent. 

The arithmetic mean in thirty-five hypertensive patients was 14.7 + 1.0 mg. 
per cent. The lowest and highest observed values were 4.7 and 31.1 meg. per cent. 
This range practically coincides with the one found in normal subjects, and the 


irithmetic means do not differ significantly, Figures in Table I also demonstrate 
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phim 


the inverse relationship between rate of flow and milligrams per cent concentra- 
tion of SCN in hypertensive patients 

SCN Content of Saliva Expressed as Milligrams Per Hour: Normal values 
in nonsmokers and smokers and in hypertensive individuals are shown in Table I. 
It appears that there is a direct relationship between rate of flow and milligram 
per hour values. 

Concentration of SCN After Ingestion of KSCN.—Natural SCN value 
means the SCN content of saliva without ingestion of SCN salts. Additional 
value expresses the amount of ingested SCN diffusing into the saliva. Total 
value is the actual value observed after ingestion and is made up of the sum of 
the natural and additional values. The range of concentration of SCN after 
ingestion of varying doses of KSCN was 16.8 to 36.9 me. per cent. The range 
of additiona! values after ingestion fell between 2.0 and 21.7 mg. per eent. In 
general a rise or fall followed an increase or decrease in the dose, the concentra- 
tion remaining constant on a given dose. Often however after a marked initial 
rise, further increase was only slight on raising the dose. In one subject the 


additional value of 17 me. per cent rose to only 19.6 on raising the dose from the 


TABLE Il. MEAN AND RANGE MIL“LIGRAM PER CENT CONCENTRATIONS ADDED TO NATURAI 
MILLIGRAM PER CENT CONCENTRATIONS OF SALIVA AFTER INGESTION OF KSCN, 
AT VARYING SERUM LEVELS 


SALIVA WITH SERUM (MG.% ) 


NATURAL VALUI 2.4 $-6 6-8 8-10 10-12 12-14 
Under 9 me.% 

Mean 14.7 16.9 14.4 20.8 19.5 

Range 10.7-21.1 11.6-23.4 11.6-17.6 20.5-21.1 17.6-21.7 
9-19 mge.G% 

Mean 9.7 97 feds 4 12.5 1iS-3 12.3 

Range O.4-14.7 9.1-16.3 fe WES S.7-18.0 9.6-18.7 11.7-13.6 
Over 19 mg.% 

Mean 8.3 Y.8 9.9 11.6 15.6 

Range ?.0-13.3 ).8-12.9 17.0-15.0 (4.5-47.2 
initial 0.4 to 2 grams. In another subject the additional value of 15.2 mg. per 


cent with a dose of 0.6 Gm. rose to 17.1 with 1.2 grams. The average econcentra- 
tion accompanying doses ranging from 0.13 to 1.2 Gm. rose from 25.2 to 31.2 mg. 
per cent. Ranges overlapped widely and were indistinguishable for different 
doses. The additional value was higher in the low than in the two upper natural 
value groups, with only slight difference between the latter two (Table IT). There 
Was a slight rise in total average saliva concentration, accompanying increased 
serum values. The rise was less pronounced than in serum. Ranges aecompany 
ing divergent serum levels overlapped. The relation of serum levels and addi- 
tional values was similar (Table II). In most cases the additional coneentration 
in saliva was two to three times higher than that in the serum, the saliva-serum 
ratio ranging from 7 to 1.2. Only in one case out of thirty was the ratio defi- 
nitely lower than 1. The range of milligrams per hour values after ingestion 
was 1.26 to 10.10; the range of additional concentration, 0.48 to 6.05. There was 
much greater irregularity in variation of milligrams per hour than in milligrams 


per cent values, owing to fluctuation of the rate of flow. 
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DISCUSSION 


The normal range of milligram per cent concentrations found in the present 
series is wider than that in most previous publications, the average being some- 
what higher. This is chiefly due to the different method of collection. 

Becks and Wainwright* pointed out that most constituents of human saliva 
show increased concentration with a higher rate of flow. This applies both to 
milligram per cent and milligram per hour values. Two exceptions were found 
in human resting saliva; the ecaleium and phosphorus concentrations expressed in 
milligrams per cent are inversely proportional to the rate of flow while milligram 
per hour values show an increase with a higher rate of flow. According to the 
present study, SCN shows this same type of exceptional behavior. 

Past attempts to establish a normal salivary SCN range and to relate ab- 
normal values to certain pathologie states! were prevented by wide overlapping 
of ranges.'° It seems that unless the normal range can be narrowed with refer- 
ence to certain factors such as rate of flow or smoking, SCN determinations will 
he of no diagnostie value. Lickint' attempted to reduce the range by elassifica- 
tion according to smoking. The present findings suggest that this alone is not 
enough. By employing a standard method of collection and by grouping results 
according to rate of flow and smoking, the range has been narrowed down. 
Future research must decide whether this will be sufficient to define abnormal 
values. 

Caviness, Bell, and Satterfield’ found an inverse relationship between the 
height of blood pressure and naturally occurring serum thiocyanate. They con- 
sidered thioevanate a true natural depressor substance. This was denied by 
others.!*)'* Findings in saliva also show no difference in SCN concentrations 
hetween normal and hypertensive patients. 

Lack of constant correlation between dosage and salivary SCN, also between 
serum and salivary SCN levels, renders salivary SCN determinations unsuitable 
for the control of SCN therapy in hypertension. The tendency to inverse rela- 
tionship between natural and additional concentration has a levelling effect on 
the total concentration observed, obscuring changes due to change in dosage. 

The higher the salivary SCN level at the time of administration of a given 
amount (regardless of whether this level is the patient’s natural level or whether 
it was produced by previous administration of the drug) the smaller a propor- 
tion of the added amount will diffuse into the saliva. Since the height of dosage 
is limited by toxic effects, it could not be ascertained whether the salivary SCN 
ean be raised to a point where further administration of the drug will not pro 
duce a further rise in salivary SCN. These observations together with the dis- 
crepaney found between saliva and serum concentrations seem to give experimen- 
tal support in human beings to the suggestion put forward by Elkinton and 
Taffel,* based on animal experiments, that the applicability of SCN distribution 
as a measure of extracellular body fluid volume is limited, because of uneven 
distribution of SCN possibly owing to formation of depots. Saliva seems to con- 
stitute such a depot. 
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SUMMARY 


The thiocyanate content of human saliva has been determined using a stand- 
ard method of collection and considering the rate of flow. Results are expressed 
in milligrams per cent and in milligrams per hour. 

SCN differs from most salivary constituents in that milligram per cent 
values are inversely related to the rate of flow and directly related to milligram 
per hour values. Smoking is often accompanied by higher values. The sig- 
nificance of these factors in defining abnormal ranges is discussed. 

Salivary SCN values in hypertensive subjects coincided with those in 
healthy subjects. 

After administration of thiocyanate salts, the amount of SCN appearing in 
the saliva usually is greater than in serum. There is a tendency for inverse 
relationship between the amount of SCN appearing in the saliva and the coneen- 
tration at the time of ingestion. These findings appear relevant in judging SCN 
distribution in body fluid. 


We are indebted to Dr. W. E. Griesbach, Goitre Research Department, Otago Univer 
sity, for helpful criticism and to Dr. E. P. Neale, Secretary Auckland Chamber of Com 


merece for valuable help in analysing the statistical data. 
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LABORATORY METHODS 


A MODIFIED METHOD OF PREPARING THE J0S.B. STAIN 


REGINALD D. MANWELL, Sc.D., AND PHILIP FEIGELSON, B.S. 
SYRACUSE, N. Y. 


INCE the introduction of blood staining, which is generally credited to 

Ehrlich,’ many techniques have been developed, most of them modifications 
of the method devised by Romanowsky and published by him in 1891.° Of these 
the most widely adopted have been the methods of Leishman,® to Wright," and 
(iiemsa.* More recently the method recommended by Field? for staining thick 
films has been accepted widely. But a completely satisfactory stain for the dem- 
onstration of blood elements and blood parasites has yet to be discovered, as ev- 
idenced by the continual appearance of new processes. Some stains are expensive; 
others may be cheap but do not keep well in all climates, or they may be diffi- 
cult to obtain. Still others, such as Giemsa’s, stain too slowly. 

For these reasons the appearance of the J.S.B. stain (Singh and Bhattach- 
arji’®) was weleomed by many laboratory workers, Its advantages have already 
been set forth by its originators and by one of us (R.D.M.).7 When properly pre- 
pared and used, it stains very quickly, giving excellent differentiation of the 
commonly encountered blood protozoa; it keeps well in aqueous solution for 
months and costs very little to make. The ingredients, chiefly methylene blue 
and eosin, are available almost everywhere. It is a Romanowsky stain, in many 
respects similar to Field’s.? 

However, the method of preparation originally recommended has proved 
unreliable, and the work herein reported was initiated in an attempt to improve 
it. 

The J.S.B. staining process requires two solutions, one of which (Solution 1) 
is prepared by an acid oxidation of methylene blue and the other by making a 0.2 
per cent solution of water-soluble eosin in tap water. It is the preparation of So- 
lution 1 which has proved troublesome. The direetions originally prescribed for 


making the two solutions are as follows: 


Solution I is made up from the following ingredients: 


Medicinal methylene blue 0.5 gm. 
Potassium dichromate 0.5 gm. 
Sulfuric acid (1 per cent) 3.0 ee. 
Water 500.0 @.e. 


*From the Department of Zoology, Syracuse University. 
Aided by a grant-in-aid from the National Institute of Health, Bethesda, Md. 
Received for publication, Aug. 7, 1947. 
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Dissolve the methylene blue thoroughly in 500 e.e. of water.  Add_ the 
| per cent sulfurie acid, mix thoroughly, and then add the chrome salt. A heavy 
amorphous purple colored precipitate of methylene blue chromate forms. Heat 


in an autoclave at a temperature of 100° to 109° C, and a pressure or 0 to d 
pounds for three hours. At the end of this period the solution turns blue which 
indicates almost complete polychroming. It the eolor remains greenish, further 
heating for another hour or so is required. If the temperature is allowed to rise 
above 110° C., the oxidation of methylene blue may be carried too far and the 
solution will turn a violent purple. 


When the solution has turned deep blue after three hours’ boiling, allow it 
to cool at room temperature. Then add 10 e.c. of 1 per cent potassium or 
sodium hydroxide solution, drop by drop, very gradually while constantly shaking 
the flask. After the total amount of alkali has been added, transfer half of 
the contents of the flask into another of the same capacity and continue shaking 
for fifteen minutes more. Transfer the contents of the flasks into each other. In 
this way the precipitate will gradually get dissolved and the solution will turn 
deep blue with a violet iridescence. Leave it at room temperature for forty-eight 
hours, for the solution to mature; afterward filter through a soft filter paper... . 
The solution will improve in staining qualities with age. 

Solution II. This is readily prepared by dissolving 1 ym. of water 
soluble eosin in 500 ¢.c. of tap water. A freshly prepared eosin solution may 


not vield as satisfactory a stain as one which has turned deep red after some use, 


After considerable experimentation we have found it best to filter out and 
collect the precipitate which forms after removing the mixture of methylene 
blue, dichromate, and acid from the boiling water bath (which we prefer to the 
autoclave) and cooling, and to dissolve it in 500 ¢.c. of M/20 NasHPO,. This 
solution should be allowed to mature for forty-eight hours, after which it. is 
ready to use. It will keep well for some weeks, or even months, so that one may 
keep it on the laboratory table ready for use when needed. This fact makes the 
J.S.B. stain one of the most convenient of all Romanowsky stains. 

If it is desired to dry the precipitate, it should be done at room temperature. 
A vacuum desiceator will be found convenient, The dried stain appears to keep 
very well and may be redissolved as needed. A 0.1 per cent solution (100 mg. to 
100 ¢.c. of M/20 Na,HPO,) is easily made up and stains very satisfactorily. 

Another method which may be used, but which we have found more cumber- 
some and less reliable, is to increase the amount of alkali added to neutralize the 
acid mixture after removal from the water bath or autoclave. Care must be 
used to keep the pH from passing 8.5, and the reaction becomes very sensitive 
when the hydrogen ion concentration reaches 7.5. A glass electrode pH meter is 
necessary for this purpose. 

The vield of precipitate when the stain is prepared according to the formula 
given is about 0.56 gram. The use of several batches of methylene blue from as 
many different manufacturers revealed no significant variations either in the 
amount of quality of the product, although it was at first suspected that such 
variation might be a possible reason for the trequent failure to obtain satis 
factory results when the original directions were followed. The stain itself 
comes out of solution in the form of very long, needle-like crystals of 4 
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deep blue color. In ethyl alcohol it has a solubility of 2.2 + 0.05 Gm. per 
liter, and in distilled water the figure is almost the same, being 2.1 + 0.05 
(im. per liter. 

Since Holmes and French’ found that the amount of dichromate used had a 
great deal to do with the character of the product, several experiments were 
tried in which this reagent was reduced in quantity. When it was halved, it was 
found that the precipitate amounted to only about 0.51 Gm., and when it was 
cut to 0.10 Gm. (a reduction of SO per cent) the vield was but 0.15 gram. 
(These and other data relating to these experiments are summarized in Table I. 
In this last instance the character of the precipitate was also altered, and it ap- 
peared that a large proportion of the methylene blue remained unoxidized. 

Thus it appears, although some reduction of the dichromate may be made, 
that any considerable change in this direction will reduce the yield of stain. In 
this connection it is necessary to point out that the experiments of Holmes and 
French are not wholly comparable to those we are reporting, since they used 
much more concentrated solutions of acid and methylene blue and a much short 
er cooking time. 


TABLE IT. Errktcr oF REDUCTION IN) AMOUNT OF DICHROMATE ON 
YIELD AND COMPOSITION OF STAIN 


STAIN ABSORPTION 
HoSO, METHY! : AZURE METHYL MAXIMA (IN 
K,CR,O, 1% ENE BLUE YIELD EO40* B ENE DISTILLED WATER 
(GM.) (ML. ) (GM.) (GM.) E670 (%) \BLUE (%) (Mp) 
0.50 3.0 0.50 0.569 1.36 74.7 kes 654-662 
0.25 3.0 0.50 0.516 0.90 39 4 67.6 660-664 
0.10 3.0 0.50 0.150 0.82 99.4 77.6 660-665 
*k. is the extinction coefficient at the two wave lengths mentioned. The ratio changes 
with changes in the proportion of methylene blue. See Holmes? for details of method and a 
standard curve. The tests were done with samples of stain in 50 per cent ethyl alcohol. 


To get some information about the composition of the stain, the precipitate 
was tested with the speetrophotometer, using samples dissolved in distilled water. 
The results indicated that it was a mixture of methylene blue and azure B in 
each case, the percentage of the latter being greatest (about 75 per cent) when 
the full amount of dichromate was used. These figures are also summarized in 
Table T. 

Fig. 1 shows the absorption curve as determined with the speetrophotom- 
eter for the stain in aqueous solution when prepared with the amounts of 
ingredients specified in the original formula. 

As a result of these determinations, it seemed worth while to try making 
up Solution I from methylene blue and commercial azure B, using a mixture 
of approximately one part of the former to three of the latter and an amount of 
water sufficient to give a dye concentration equivalent to the laboratory-pre- 
pared J.S.B. stain. This solution was found to stain well, although it did not 
seem quite equal to the latter. It also was found that the exact proportions of 
the two dves were not very important; variations of perhaps 10 per cent either 
vay did not change the quality of staining very much. 
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Fig. 1.—Absorption curve of J.S.B. stain in H20O. 
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In this regard it is worth pointing out that our results disagree with those of 
Holmes and French’ who believed that azure B had little staining value, but 
they are in accord with those of Roe, Lillie and Wileox.* However, Holmes and 
French used a different technique. 

In using J.S.B. as a blood stain, we have found it an advantage to buffer 
the wash water so that its initial pH (6.2 to 6.6) will be retained. For this pur- 
pose we use Na, HPO,. THO and KH.PO, in the proportions of 0.417 and 0.752 
(im., respectively, dissolved in two liters of distilled water. 

Our experience indicates that this stain has very definite advantages over 
any of the other Romanowsky stains in common use. At current prices, the 
materials for making it cost about one-sixth as much as Giemsa powder, and 
the disparity is considerably greater if Giemsa is purchased in stock solution. 
It also lasts much longer after being made up. It is as rapid as any stain other 
than Field’s and is good for both thick and thin smears. Differentiation of the 
common protozoan blood parasites is excellent. We have had no opportunity to 
try it on blood spirochetes, but it may prove useful for these also. 

As a blood stain, it may be less satisfactory for routine use than Wright's 
and Giemsa’s because small variations in the staining time may cause some dit- 
ferences in the appearance of the various blood clements. However, if these fac 
tors are controlled carefully, it should be of value for these purposes also. 

In this laboratory it has proved useful for the staining of vaginal smears 
from rats) and has saved time as well as given good cell differentiation. 

Correspondence* indicates that with a slight modification the J.S.B. stain 
is very useful in the staining of dried films of milk and cream. However, 
the stain as modified in this way does not give satisfactory staining of blood 
parasites. (The chief change was the employment of a much lower pH, 5.0 to 
29, for Solution I. The smears themselves required fixing in a ehloroform- 
alcohol reagent for several minutes in order to remove the fat. After staining, 
examination under the microscope was done with a suitable color filter to 


increase the contrast. ) 
SUMMARY 


Several modifications of the original method of preparing the -LS.B. stain 
ire deseribed. They involve filtering out the precipitate resultine from the acid 
oxidation of methylene blue and redissolving in M /20 Na, HPO, which serves 
woth as a solvent and a buffer. The precipitate also can be dried and kept more 
ov less indefinitely without deterioration. 

Spectrophotometrice tests show that the active staining agent is a mixture 
1 azure B and methylene blue, in a proportion of about 3 to 1. A solution of 
ommerecial azure B and medicinal methylene blue, in’ these proportions, 
vas found to be a good substitute for the laboratory-prepared produet, al- 
hough apparently not quite equal to it 


*With Dr. N. O. Gunderson of the Department of Public Health of Illinois. 
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In this regard it is worth pointing out that our results disagree with those of 
Holmes and French® who believed that azure B had little staining value, but 
they are in accord with those of Roe, Lillie and Wileox.* However, Holmes and 
French used a different technique. 

In using J.S.B. as a blood stain, we have found it an advantage to buffer 
the wash water so that its initial pH (6.2 to 6.6) will be retained. For this pur- 
pose we use Na, HPO,. THO and KH.PO, in the proportions of 0.417 and 0.752 
(im., respectively, dissolved in two liters of distilled water. 

Our experience indicates that this stain has very definite advantages over 
any of the other Romanowsky stains in common use. At current prices, the 
materials for making it cost about one-sixth as much as Giemsa powder, and 
the disparity is considerably greater if Giemsa is purchased in stock solution. 
It also lasts much longer after being made up. It is as rapid as any stain other 
than Field's and is good for both thiek and thin smears. Differentiation of the 
common protozoan blood parasites is excellent. We have had no opportunity to 
try it on blood spirochetes, but it may prove useful for these also. 

As a blood stain, it may be less satisfactory for routine use than Wright's 
and Giemsa’s because small variations in the staining time may cause some dif- 
ferences in the appearance of the various blood elements. However, if these fac 
tors are controlled carefully, it should be of value for these purposes also. 

In this laboratory it has proved useful for the staining of vaginal smears 

from rats) and has saved time as well as given good cell differentiation. 

Correspondence* indicates that with a slight modification the J.S.B. stain 
is very useful in the staining of dried films of milk and cream. However, 
the stain as modified in this way does not give satisfactory staining of blood 
parasites. (The chief change was the employment of a much lower pH, 5.0 to 
29, for Solution I. The smears themselves required fixing in a chloroform- 
alcohol reagent for several minutes in order to remove the fat. After staining, 
examination under the microscope was done with a suitable color filter to 


increase the contrast. ) 
SUMMARY 


Several modifications of the original method of preparing the ..S.B. stain 
ire described, They involve filtering out the precipitate resulting from the acid 
oxidation of methylene blue and redissolving in M20 Na,HPO, which serves 
oth as a solvent and a buffer. The precipitate also can be dried and kept more 
less indefinitely without deterioration, 

Spectrophotometrie tests show that the active staining agent is a mixture 
ft azure B and methylene blue, in a proportion of about 3 to 1. A solution of 
ommereial azure B and medicinal methylene blue, in’ these proportions, 
vas found to be a good substitute for the laboratory-prepared product, al- 


hough apparently not quite equal to it 


*With Dr. N. O. Gunderson of the Department of Public Health of Tlinois. 
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CRYSTALLINE HEMIN SOLUTIONS AS PERMANENT STANDARDS 
FOR HEMOGLOBIN ESTIMATION 


B. L. Horecker, Pu.D. 
BETHESDA, Mp. 


N A previous communication! solutions of crystalline hemin at pH 9.4 were 
| proposed as standards for the colorimetric determination of hemoglobin. Sueh 
solutions can be reproducibly prepared from weighed quantities of crystalline 
hemin, and they have absorption spectra closely paralleling those of alkaline 
hematin from whole blood. With the proper filters and conversion factor, the 
colorimetrie determination of hemoglobin is thus referred to a readily available 
gravimetric standard. It was hoped that the standardization could be further 
simplified by the use of permanent standards kept in sealed colorimeter tubes 


and studies were begun io determine the long-time stability of such solutions. 


They were found to hia useful life of about nine months, following which a 
progressive deereuse ia 7 iY vecame apparent, 

Similar resnlis hove veoontiy been reported by King? who investigated the 
stability of hemia «ofutioms at pi! 9.4 and found a sharp drop in intensity after 
nine months. The juteous used in the present study were prepared in 
sealed colorimeter (i. wn Vitectaved to prevent the growth of microorganisms. 


Such treatment Goes not aifect the stability, sinee the results obtained are in 
agreement with those obtained by King. 

Since these solutions have only a limited stability, the more reproducible 
standards previously reported are considered more convenient and reliable. It 
should be noted that the hemoglobin/hemin intensity factor to be used is deter- 
mined by the nature of the filter,? and a given factor may not be carried from 
one filter to another. 
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A TIDAL VOLUME RECORDER FOR ANESTHETIZED DOGS 


Harotp M, Peck, M.D., AaNpb Wintuiam S. WaLuer, B.S. 
GLENOLDEN, PA. 


A PRACTICAL recorder for quantitatively and continuously measuring tidal 
volume must fulfill several requirements. It should (1) record the tidal 
volume for long periods of time without demanding the attention of the inves- 
tigator, (2) record accurately, during rapid and marked changes in respiratory 
rate, the tidal volume and duration of inspiration or expiration, and (3) leave a 
permanent record that easily can be converted to volume. The recorder should 
not require a large area for the record or present marked resistance to the flow 
of air. 

The usual methods of recording respiration, such as lateral tracheal pres- 
sure, the chest pneumograph, or the Gaddum method,’ measure the respirator) 
rate and, at best, relative changes in tidal volume. However, these changes 
are magnified or minimized by the speed of inspiration or expiration. The 
recorder that most nearly satisfies the requirements was that deseribed by 
Wright.* Use of this recorder was limited by the space required by the 
apparatus. 

We found that the apparatus described below fulfilled the listed require- 
ments. Tidal volumes of anesthetized dogs have been measured for several 
hours without adjusting this apparatus. Respiratory rates of 2 to 60 per 
minute and tidal volumes of 25 to 400 ¢.c. have been recorded satisfactorily. 
Slow or rapid inspirations did not affect the operation of the apparatus. The 
maximal height of the record was about 4 em. (equivalent to 400 ¢.¢.) and the 
hbase line was horizontal. The resistance of the instrument to the flow of air 
varied between 5 and 20 ml. of water. The apparatus was mounted under the 
dog table. 

APPARATUS 

Fig. 1 is a schematic diagram of the apparatus. Fig. 2 is a diagram of the 
double piston valve, drawn to scale. The numbers in the following description 
refer to Fig. 1 unless otherwise indicated. (1) A metal to metal contaet switch 
operated mechanically by contact with the top of the spirometer. It is inserted 
into the circuit between one side of the secondary coil of the transformer and 
one side of the relay coil. (2) A mercury contact switch constructed as a first 
class lever. Electric connections are made through the mereury cup (b) and 
the fulerum (f). One connection is to the transformer and the other to the 
relay coil. This switeh activates the relay. A brief contact is sufficient beeause 


one pair of the relay contact points (d) continues the activation of the coil until 
From the Department of Pharmacology, The Medical Research Division, Sharp an 
Dohme, Inc. 
teceived for publication, Mar. 31, 1948. 
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Fig. 1.—Schematie dixngram of an automatic tidal volume recorder. (1), Metal to metal con- 
tact switch; (2), mercury contact switch; (3), double piston valve (see Fig. 2 for details; (4), 
6 volt transformer; (5), double contact relay (Advance, Type 964B, 6 volts, A.C.) ; (6) so- 
enoid (Guard Electric Co., 6 volt A.C., 8 ounce pull) ; (7), spirometer of 600 c.c. capacity; (8), 
water trap; (9), spirometer stop; A!’ and A?*, air tube connecting piston valve to spirometer ; 
(a), mercury cup valve; (b), mercury contact cup; (c), contact points which complete circuit 
to solenoid: (d), contact points for activation of relay coil: (e), air escape holes: (f), fulerum 


of mercury contact switch. 
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Fig. 2.—Double piston valve in position to direct air flow to the spirometer. (The 
‘ken lines indicate the position of the valves during inspiration.) 1, Piston (perforated to 
rmit passage of air); 2, piston (solid) which directs the flow from the air line: 3, holes 
lled in piston eylinder; 4, perforated washer: 5, spring to return the piston to the left: 6. 

through piston rod to stop movement to the left at the desired position. 
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the switch (1) is opened. Air exhaled from the dog forees one end (a) of the 
lever up to make the opposite end (b) contact the mereury in the cup. Water 
traps (8) on each side of a tracheal cannula direct the flow of air to and from 
the dog. A T-shaped tracheal cannula was made of 10 to 15 mm. diameter 
glass tubing. A small side tube was added to measure tracheal pressure. <All 
air passages were of large diameter. Movements of the spirometer were trans 
ferred to sooted kymograph paper by means of a cord connected to the spirom- 
eter and a vertically moving recording point. 

The working sequence of the apparatus is as follows. When the dog is in 
respiratory rest the spirometer (7) is filled with air, and the switches (1), (2) 
and the relay (5) are open. The piston valve (3) is in position to connect the 
tracheal cannula with the spirometer and to direct the flow from the air line 
through the escape holes (e). (See Fig. 2, broken lines. for the position of 
the valve.) 

As the dog inhales, the spirometer descends and the switch (1) closes to 
connect one end of the secondary coil of the transformer to the relay coil. 

As the dog exhales, the switch (2) closes and completes the circuit between 
the opposite ends of the secondary coil and the relay coil. This activates the coil 
and closes the contact points. One pair of the contact points (d) continues the 
activation of the relay coil regardless of the position of the switeh (2). The 
other pair of points (¢) activates the solenoid (6) which pulls the double pis 
ton valve (3) to the position illustrated by the solid lines in Fig. 2. This shift 
in position blocks the connection between the tracheal cannula and the spirom- 
eter and directs the flow from the air line to the spirometer through the per- 
forated piston valve. As the spirometer is filled, the switch (1) opens and 
breaks the connection between the transformer and the relay. This returns the 
apparatus to the original position ready for another respiratory cyele. Filling 
the spirometer requires less than a second. 


DISCUSSION 


The tidal volume recorder has been used in our laboratory as a part of rou- 
tine acute experiments. The records were easily read and gave information 
not obtainable by simultaneous lateral tracheal pressure or by chest pneumo- 
graph methods. Epinephrine administration resulted in either a temporary 
decrease or an increase in tidal volume, depending on the degree of blood pres- 
sure change, followed by tidal volumes that usually were greater than the con- 
trol tidal volumes. Histamine usually caused a decrease in tidal volume lasting 
longer than the blood pressure drop. Sodium pentobarbital and sodium vin- 
barbital caused a decrease in tidal volume. 

Tidal volume is influenced by simultaneous changes in pleural pressure, 
bronchodilatation or bronchoconstriction, duration of inspiration, and the status 
of the pulmonary capillary bed. Pleural pressure was shown to vary when 
bronchodilator or bronchoconstrictor compounds were administered.* *° Pleural 
pressure correlated with tidal volume appears to give considerable added in- 
formation even if the capillary bed status and duration of inspiration are ig 








TIDAL VOLUME RECORDER 


TABLE I. TIDAL VOLUMES, PLEURAL PRESSURES, AND TIDAL VOLUME/PLEURAL PRESSURE 
RATIOS CALCULATED FROM Fig. 3 AT THE LETTERS INDICATED 


TIDAL PLEURAL 


LETTERS DRUG VOLUME PRESSURE TV/PP 
A 160 9 Si) 
B 170 95 68 
C Epinephrine, 204 180 28 47 
D 175 1.6 109 
) 180 2 150 
F Histamine, 110 190 2.0 95 
G 170 $.0 42.5 
H 180 2.2 82 
I Kpinephrine, 207 180 9.5 72 
J 190 2.0 95 
K 190 1.6 119 
L 190 1.8 106 
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Fig. 3.—Effect of epinephrine and histamine on tidal volume (TV), pleural pressure 
PP), and blood pressure (BP). Epinephrine, 207, injected intravenously at C and I. Hista- 
nine, 1107, injected intravenously at F. See Table I for interpretation of the tracing. 
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nored, provided the latter changes are not too great. To obtain pleural pres- 


sure a balloon was inserted into the potential pleural cavity and attached to a 


small recording mercury manometer. The resulting records gave information 


that seems to indicate degrees of bronchodilatation or bronchoconstriction. 
Fig. 3 and Table I demonstrate the results obtained when epinephrine and _his- 
tamine were administered. Degrees of bronchodilatation and constriction have 
been indicated by dividing the tidal volume (TV) by the length of the line 
measuring the pleural pressure (PP) and are calculated at the points indicated 
on the tracing. A decrease in the tidal volume/pleural pressure ratio indicates 
bronchoconstriction, and an increase indicates bronchodilatation. Correlation 
of tidal volume and pleural pressure is being studied more completely in our 
laboratories. 
SUMMARY 


Apparatus suitable for continual, quantitative measurements of tidal vol- 
umes of anesthetized dogs is deseribed. 

A method that appears to indicate degrees of bronchodilatation or broncho 
constriction by simultaneous measurement of tidal volume and pleural pressure 
is presented. 

REFERENCES 

. Gaddum, J. H.: A Method of Recording the Respiration, J. Physiol. 99: 257-264, 1941. 

2. Wright, Samson: A Quantitative Graphic Respiration Recorder for Small Animals, J. 
Physiol, 80: 28P, 1933-34. 

Brill, 8., and Leake, C. D.: Effects of Typical Bronchodilating Drugs on Intrapleural 

Pressure, Proc. Soc. Exper. Biol. & Med, 27: 518, 1930. 

4, Bizard, G., Warembourg, H., and Laine, E.: Action de l’histamine sur la valeur de la pres 
sion pleurale chez le chien, Compt. rend. Soc. de biol. 1381: 352, 1939. 

5. Troisier, Jean, Bariety, Maurice, and Kohler, Benyse: Sympathomimetiques et Pression 
Intrapleural, Compt. rend. Soe, de biol. 181: 878, 1939. 


Erratum 


In the paper by Donohue and Fremes, ‘‘ Maternal Isoimmunization Without Evidence of 
Clinical Erythroblastosis Fetalis in the Newborn,’’ which appeared in the May issue of the 
JOURNAL (33: 526, 1948), the column heads of Table IT, p. 529, should read: CDe/CDe; 
CDe/cde; ecDE/ede; ede/cde. 





